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PEEFAOE 



This work is intended to furnish engineers, draughtsmen, and 
students with practical data, based as far as . possible on the 
results obtained after years of experience, by the leading makers 
of the gas engines which work on the common and well-known 
four-stroke cycle of Beau de Eochas and Otto. 

Whether as an additional help in the study of the subject, 
from the mechanical standpoint, or a^an aid to design in the 
drawing office, where it may find a welcome place as a com- 
panion, it is hoped the book will be found of use, and supply a 
much-felt want. 

With this end in view, the author has spared no pains in 
seeking the most reliable and up-to-date information. Only 
actual modern gas engines are considered. The various parts 
of the mechanism of gas engines, self-starters, and other 
accessories are illustrated and described in detail. The general 
arrangement, working, and testing of gas engines are dealt 
with ; and the observations, calculations, and results of some 
careful and elaborate tests are recorded. 

I beg to acknowledge my indebtedness to the various 
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manufacturing firms whose engines are herein described, and 
who, without exception, have placed the fullest information at 
my disposal. For valuable assistance in the compilation of 
the work, and in correcting proofs, I have to thank Professor 
William Eobinson and Mr. David Fekgusson. 

WILLIAM NOEEIS. 

Lincoln : July 1895. 
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CHAPTEE I 

INTBODTJCTOBY 

The recent development in the use of the ' Otto ' cycle gas 
engine is very striking ; more than 700,000 actual horse-power 
being in use in Great Britain at the present time, including 
sizes ranging from £ horse-power to 400 horse-power. 

During the early stages of its use, there was a common 
opinion — held, too, by many engineers who believed in its 
future — that the gas engine was only suitable for small 
powers ; but single-acting engines, with one cylinder develop- 
ing 200 effective horse-power, and with two cylinders developing 
400 effective horse-power, are now made by many firms, and, 
whilst not yet in common use, are beyond the experimental 
stage, and fulfilling all requirements. There cannot be a doubt 
that the near future will see many manufacturers turning 
their attention to the larger powers in gas engines. 

The credit of establishing them on a sound mechanical 
basis is justly awarded to Messrs. Crossley Brothers, who from 
the first had great faith in their future as prime movers, or they 
would not have undertaken the manufacture of the 1866 free- 
piston type, which now appears so crude when compared with 
the celebrated 1876 pattern. If Messrs. Crossley Brothers 
thought it would one day become the serious rival it has proved 
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to be to the steam engine, they must have stood almost alone, 
and can look with pride at the successful results of their 
pioneer work. 

To these pioneers the difficulties must have been very great, 
inasmuch as they were dealing with a new motor different in 
principle from the steam engine, and whose working agent was 
a mixture of gas and air instead of steam. The heat of the 
steam transformed into useful effort through a process of 
expansion in the steam engine cylinder needed a separate 
furnace to generate it, whereas the gas engine dispensed with 
this outside source of heat, and by burning a mixture of gas 
and air, generated the heat within itself, and transformed it 
from the burning and expanding mixture directly into useful 
energy. Hence the gas engine is an internal combustion engine. 

Compared with former experience, gas engine builders had 
to become accustomed to exceedingly high temperatures, and 
design and work accordingly. Fortunately the power of certain 
mineral oils to withstand excessive heat, gets over the difficulty 
of cylinder lubrication. One point, however, to this day is not 
satisfactorily solved, viz. : — the -manner or method of packing 
glands for piston rods, to allow the use of a double-acting engine. 

This system of transferring the furnace, wherein the heat 
energy is primarily developed, into the cylinder itself, and 
there utilising directly the benefits of combustion, is un- 
doubtedly the greatest step of the present half-century in the 
direction of high economy and efficiency. 

The theory of the gas engine has been discussed and redis- 
cussed through a long series of years, and there are even now 
those who hold views far from consistent with actual facts. 
Therefore it is advisable that a little should be said now con- 
cerning the practical aspect of gas motors in their modern 
presentment. The advantages of compressing the gas and air 
before firing were first pointed out about 1860 by Beau de 
Eochas, who indicated the process of carrying out the four 
operations — charging, compressing, firing, and exhaust with 
one piston. 

This cycle was realised in 1876 by the Otto l Silent ' gas 
engine. 
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It is generally accepted that the modern gas engine, as we 
have it at present, has been developed by experiment, and so 
far most engineers, after lamentable errors and waste of time, 
have reluctantly adopted the Beau de Kochas cycle, as being 
the simplest system on which an engine can be constructed 
that will give satisfactory results. 

It is not in the scope of this treatise to deal with any other 
cycle, but it may safely be taken that engines which give an 
impulse every revolution when working at full power will 
ultimately take the place of the simple form of ' Four ' cycle 
engine. 

CHAPTEE II 

GENERAL DESCRIPTION OF ' OTTO ' CYCLE GAS ENGINE 

The present-day form of the commercial gas engine has a single 
cylinder, and gives an impulse every two revolutions when 
working at full power, and closely resembles a single-acting 
steam engine, with the working parts of excessive strength. 
The cylinder is open-ended, . and has a trunk piston having 
sufficient bearing surface to dispense with the use of cross- 
head slides, the connecting rod joining directly the piston : and 
the crank. The crank shaft is heavy and flywheels largfe, as 
considerable energy has to be stored to take the piston 
through the negative parts of the cycle (see fig. 1). The 
cylinder is considerably longer than the piston stroke, leaving 
a space at the back end, into which the piston does not enter, 
called the combustion chamber. Below the centre line of the 
engine is placed a shaft, rotating at half the speed of the crank 
shaft, from which it receives its motion by worm gearing, 
actuating at suitable times the air, gas, exhaust, timing valve, 
governor, and cylinder lubricator. The cylinder sefves alter- 
nately the purpose of motor and pump, as during the forward 
stroke of the piston the air and gas valves are opened by meanS 
of cams and levers, and the gas and air enters from about 
the beginning to the end of the stroke, the return stroke 
being utilised in compressing the mixture into the compression 
space ; and when the piston is full in the pressure has risen to 

B 2 
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the predetermined amount relative to the capacity of the space 
to the cylinder volume. Meanwhile the timing valve has opened 
communication with an incandescent tube, and the compressed 
charge igniting, the pressure rises so rapidly that the maximum 
is reached before the piston has moved appreciably on its 
second forward stroke. The whole stroke is used for expansion 
as the piston is under its highest pressure at the commence- 
ment. This is called the power stroke ; near the end of it the 
exhaust valve opens, and the return stroke is occupied in driving 
out the burnt gases, except that portion remaining in the 
compression space untraversed by the piston. These operations 
form a complete cycle, and the piston is again in the position 
to take in the charge required for the next impulse. 

The regulation of the speed is controlled by a governor 
arranged to throttle the gas or effect a complete cut-out. 

Although the idle strokes of the * Otto ' cycle are far from 
theoretically correct, experience has proved that the use of one 
cylinder and piston, serving alternately the purpose of motor 
and pump, has undoubted compensating advantages. 

This cycle of operations, both for single cylinder and multi- 
cylinder engines, can be better seen by reference to figs. 1, 2, 3, 
and 4. 




Fig. 3 



Fig. 1, A, represents the conditions at the commencement of 
the charging stroke of a single cylinder engine. The air and gas 
valves are shown open to allow the free inlet and admixture 




Fig. 4 



of air and gas whilst the piston travels to the end of its out- 
ward journey. B shows the valves closed and piston ready to 



GENERAL DESCRIPTION OF 'OTTO' CYCLE GAS ENGINE 7 

perform its second operation — viz. that of compressing the 
charge already drawn in. C represents the power stroke ; D 
the exhausting stroke, showing the piston ready to expel the 
products of combustion. 

Fig. 2 shows in another form the cycle of operations of 
various types of engines, and the cycles of figs. 3 and *4 cor- 
respond to section B of fig. 2. 



CHAPTEE III 

DEFINITION OF HORSE -PO WEES 

At present much confusion is caused by the way in which 
various makers give the power of their engines, Nominal, 
Indicated, Brake, Effective, and Actual horse-power being 
often used to describe the same engine. 

The term ' nominal ' is an arbitrary term, without a satisfac- 
tory basis to justify its use, as it is not common to any two 
makers, and even with the same makers the given indicated 
horse-power has varied from twice to four times the given 
nominal power. 

Indicated horse-power until quite recently was based upon 
a good-sized diagram and the maximum number of ignitions 
obtainable — viz. half the number of revolutions of the crank 
shaft — and was supposed to represent the maximum indicated 
horse-power ; whereas, as a matter of fact, the maximum work- 
ing load would be at least 20 per cent. less. 

Brake, effective, or actual horse-power are only different 
expressions for the same thing — viz. the net available horse- 
power that can be taken from the engine. These latter, it will 
be seen, are the only definitions common to all engines, and the 
standard by which they should be judged for continuous runs 
of at least six hours. 

The expressions used throughout this Treatise will be : 

Nominal horse-power, nom. h.p. 

Indicated horse-power, i.h.p. 

Brake, effective, or actual horse-power, b.h.p. 
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Many people have had their faith in the value of gas 
engines very much shaken because of want of practical advice in 
laying them down. Experience teaches that in the first place a 
considerable margin of power must be provided over and above 
that specified by the makers. Gas engines will not work regu- 
larly and satisfactorily over a run of an indefinite length of time 
with the full specified load, and there is no doubt that the 
makers are mainly responsible for the disfavour with which 
they are often viewed, as they repeatedly — no doubt driven to 
it by competition — recommend engines which will barely do 
the work required of them. There is a constitutional difference 
between the systems of obtaining power from a steam and gas 
engine that places them on an entirely different basis. A steam 
engine may be worked up to its test load for almost any length 
of time, but not so a gas engine. What is given off over a few 
hours' test must not be considered the working power of the 
engine, and if gas engine makers will only acknowledge this 
practical fact and fix a ' working load ' for each engine, instead 
of the maximum b.h.p. or i.h.p. as at present, they will soon 
rise higher in popular favour. 

The author's experience is that with a load two-thirds of 
that specified by the makers, gas engines work smoothly and 
well, but with anything over this, trouble is to be expected. 



CHAPTEE IV 

TYPES OF ENGINES BY VAEIOUS MAKERS 

Grossley Bros. (Limited), Manchester 

Fig. 5 is a longitudinal section, fig. 6 a plan, and fig. 7 an 
external elevation of a 7 h.p. nom. engine, having a cylinder 
8£ inches in diameter, and a stroke of 18 inches, and may be 
taken as well representing this firm's present practice. 

The cylinder A and combustion chamber B are arranged 
with a continuous water jacket C, and are fitted with a liner D of 
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a special hard cast iron, easily drawn when damage or wear 
necessitates its removal. This liner is secured to the cylinder 
by bolts E, fig. 5, drawn through the back end of the compression 
chamber, and the front end, where it enters the cylinder proper, 
is fitted with a rolling rubber ring F to allow the liner in ex- 
panding or contracting to maintain a water-tight joint. The 
front end of the liner at D 1 and D 2 is fitted into the bed G, so 
that in disconnecting the cylinder from the base no water joints 
are broken. 




Fig. 7. — 7 h.p. nom. crossley engine 

The piston H is arranged with bosses in the centre through 
which the pin I is fitted, and by which the connecting rod J is 
coupled direct to the crank pin K. The base L, to which the 
bed G is firmly bolted, is provided with an arrangement of baffle 
plates, to silence the inrush of air through the pipe M, which 
forms the connection between the base and the box containing 
the air valve N, arranged below the direct line of fire, with a gas 
channel to ensure the gas mingling with the inrushing air. 
P is the igniting port, in direct communication with the timing 
valve and hot tube Q. The exhaust port E, fig. 5, is shown 
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leading to the valve-box S, fig. 6. The cold water is admitted 
at the extreme bottom end of the combustion chamber at T, 
and the hot water outlet is arranged at U. V is the cylinder 
lubricator, from which the oil runs down a small pipe and enters 
the cylinder at W ; it is worked by an endless leather belt from 
the cross shaft Y, which is driven by the worm wheels at Z. 

The cam and lever arrangements are clearly shown. A 1 repre- 
sents the air cam, B 1 the normal working gas cam, C 1 a gas cam 
used at starting only, D 3 the gas roller controlled by the governor 
E 1 ; F 1 is a cranked rocking shaft, at one end carrying the pin 
upon which the gas roller works, and at the other transmitting 
the cam motion to the gas valve through the connecting link G 1 . 
The position of the lever H 1 , which has control of the camsB 1 , 
C 1 , I 1 , and K l , is the normal position when the engine is running, 
but at starting it is moved in the direction indicated by the arrow 
until the cam I 1 , which is a relieving cam for the exhaust, acts as 
well as the ordinary cam K 1 upon the exhausting lever J 1 , and 
the cam C 1 takes the place of the normal gas cam B 1 ; L 1 is the 
timing valve cam and M 1 a plug for the indicator. 

The weak point in this engine is the position of the exhaust 
valve box. This being placed at the side and in direct com- 
munication with the main water jacket C, whilst the main valve 
opens to the cylinder, the vibration of the engine and the high 
temperature of the gases tend to break the joint, as the exhaust 
pipe is at one end rigid and does not respond to any oscillation 
set up by the engine. 

Fig. 8 is an external elevation of a 30 H.p. nom. engine 
capable of indicating 100 h.p. with ordinary gas when running 
at 160 revolutions per minute, and has a cylinder 17 inches 
diameter with a stroke of 24 inches. 

A girder frame type of engine admits of the strains being 
taken in a direct line between the centres of the crank shaft and 
the cylinder, and prevents all possibility of the engine ' panting.' 
In this engine there are two main girders, one from each bearing 
to the cylinder, the crank running between them. The com- 
bustion chamber is a separate casting bolted to the end of the 
cylinder, and the liner of the cylinder is held in position by bolts 
drawn through it. The air and gas valves are on the extreme 
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end of the combustion chamber, the exhaust valve at about 
its centre, in a direct line of fire. A defect in this engine is the 
angle and direction at which the main Hearings are placed, which 
throws a great proportion of the force of the explosion on the 
cap bolts, instead of on the main casting ; this is not good prac- 
tice, especially when we consider that even with producer gas 
a maximum pressure of 320 lbs. per square inch is reached. 

This form of engine was also made in coupled twin form, 
having four bearings, and on the outside of each outer bearing 
a heavy flywheel, and with cranks arranged so that one piston 
was full in when the other was full out, the cycle of opera- 
tions being the same as shown on fig. 2 at 0. But as it was 
impossible for the middle bearings to wear down at the same 
rate as the outer ones, because of the weight of the flywheels, 
and the power transmitted, the crank shaft was found to spring 
backwards and forwards at each throw of the crank ; and unless 
the middle bearings were carefully and periodically lined to the 
outer ones, the strain would eventually have become too great 
and produced disastrous results. This evil has been overcome 
by the tandem engine, having a cylinder on each side of the 
crank shaft as shown at fig. 9. This type of engine does not, 
however, divide the work in the best possible manner, as two 
impulses follow each other at full power, followed by two idle 
strokes (see fig. 2, as shown at C). In practice, however, this 
makes very little difference ; the advantage of two cylinders over 
one is that it reduces each individual impulse. Commercial re- 
quirements necessitate that sometimes the governor must cut 
out impulses, and as this covers a large proportion of the time of 
working, it is the usual condition. This being so, and taking 
into account the chapter of accidents which occur with the best 
of governors, it becomes a matter of very little importance if 
the impulse next to be cut out immediately follow a previous 
impulse, or has a single stroke between. 

These engines are made in the following sizes : 60 h.p. 
nom. indicating 200 h.p., and 80 h.p. nom. indicating 250 h.p., 
with ordinary town gas, when running at 160 revolutions per 
minute. If, however, producer gas is used, the i.h.p. is less 
by about 15 per cent. 
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Fig. 10 is an external elevation of their latest design of this 
size and type of engine. It differs from fig. 9 in that each 
engine is provided with independent gears, so that either engine 
can be disconnected. This design enables the makers to dis- 
pense with right and left hand combustion chambers, and makes 
a thoroughly well designed engine. 

Fig. 11 is a 25 h.p. nom. engine, having a cylinder 16 inches 
diameter and a stroke of 21 inches ; it is capable of indicating as 
a maximum 64 h.p. The arrangement of the valves and gearing 
is approximately the same as in the girder type engine ; but its 




Fig. 11. — 25 h.p. nom. crossley engine 



own distinctive feature is the firm grip it has upon the foun- 
dation, whilst the centre line is kept very low. It, however, has 
the same defect in the angle and direction of its bearings as 
fig. 8, which neutralizes many of its otherwise valuable 
points. This design of bed is also used in 40 and 50 h.p. nom. 
engines, the cylinders of which and combustion chambers are 
separate, with the exhaust valve box cast on the side of the 
latter. One heavy flywheel instead of two lighter ones, as in 
fig. 11, is used, and an outer bearing arranged to take the weight. 
In fig. 12 is shown a typical engine made by this firm for 
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the special purpose of driving a dynamo direct from the flywheel 
for electric lighting, for which purpose their practice is to have 
large diameters in the cylinders, comparatively short strokes, 
and heavy flywheels running at a very high rate of speed — viz. 
from 250 to 350 revolutions per minute. The crank shaft is 
balanced by means of weights placed in the flywheels, so that 
they move at the same mean velocity as the parts to be balanced, 
although at considerable distance from the centre line of the 
cylinder. The gas, air, and timing valves are placed horizontally 




Fig. 12. — crossley's high-speed electric light engine 



on the side of the cylinder, with the exhaust valve vertical. A 
centrifugal governor is used combined with the pecker action. 
The same proportions and practice are used in a tandem and 
quadruple design ; the former being, like fig. 10, a combination of 
a right and left hand engine, having, however, only one flywheel 
and outer bearing. The quadruple engine giving two impulses 
per revolution when working at full power is practically a double 
tandem engine, with one flywheel between the two engines, 
having discs and overhanging crank pins instead of the ordinary 
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crank shaft with double jaws, and one governor to control the 
whole. 

It seems more than possible that makers of these excessively 
high-speed engines will find that much better results can be 
obtained by using a long stroke, balanced engine, with larger 
flywheels running at a slower speed. 

The misleading term of ' nominal horse-power ' is happily 
not used in these engines, each size being rated at its effective 




Fig. 13. — £ h.p. nom. crossley engine 

power. And it would be well if the same principle were 
applied to all sizes, and instead of calling — say, fig. 13 — £ h.p. 
nom., it were rated as a 2£ b.h.p. This engine contains some 
of the features of the high-speed type, in that the air and gas 
valves being placed horizontally in one box are easily dis- 
connected from the engine if necessary, although the horizontal 
position is not good practice. It is governed by Holt's effective 
inertia governor, worked by a small crank on the end of the cross 

c 2 
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Fig. 14.— 3 h.p. nom. vertical crossley engine (sectional elevation) 
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shaft, and has no timing valve, and, unlike the general practice 
of this firm, is not provided with a renewable liner to the 
cylinder. 

All the engines previously described have been of the 
horizontal type, but as there are many positions where, from 
considerations of room, it would be impossible to fix a horizontal 




Fig. 15. — 3 h.p. nom. vertical crosslky engine (sectional plan) 



engine, it has been found necessary to make a vertical one, and 
figsL 14, 15, and 16 show in section, plan, and external elevation 
such an engine of 3 h.p. nom. The cylinder being 7 inches 
diaineter by 10£ inches stroke, is formed by forcing a liner A, by 
medns of a gland B, into the main casting C, and leaving an 
annular space between the two to form a water jacket. The 
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joints are made at the bottom by asbestos to withstand the heat, 
and at the top by a rolling rubber ring D. In all respects this 

is an almost ideal engine of a vertical 
pattern. 

The valve arrangement is simplicity 
itself. The box E, which is easily dis- 
connected, contains the gas, air, and 
exhaust valve. The gas valve F is 
connected by the passage G to the 
gas cock shown in the elevation. 
The air valve H and exhaust valve 
I, whilst having the same passage, 
J, to the cylinder, have separate 
passages in the box E. The air is 
drawn through the silencer K, and 
the exhaust outlet is shown at L. 

The Clerk-Lanchester pressure 
starter is used by these makers, and 

FlO. 16. — 3 H.P. NOM. VERTICAL ni, j . 11 i j 

crossley engine fitted to a11 large-Sized engines. 
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TANDEM HORIZONTAL ENGINES 
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HIGH-SPEED ELECTRIC LIGHT ENGINES (SINGLE CYLINDER) 
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CROSSLEY ENGINES — 1879 



Nominal h.p. 



Indicated h.p. 



Speed 
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It is interesting to note that the 18^ catalogue from which 
the foregoing table is taken contains the following : ' Tenders for 
larger sizes and for " compound engines " on application.' 

! Bobey d Co. (Limited), Lincoln 

| On the expiration of the * Otto ' patent Messrs. Eobey & Co. 
decided to manufacture gas engines, using the ' Otto ' cycle, 
with various structural modifications introduced by the author 
in 1890. 

Figs. 17, 18, and 19 being a section, plan, and external 
elevation of an engine capable of developing 24 b.h.p., repre- 
sent the characteristic features of the valve arrangements of 
all sizes. The cylinder of this engine is 11 inches diameter 
and the stroke 18 inches. It will be seen that the cylinder A 
and bed are in one casting, the water jacket B coming well up 
to the end of the liner C, which is forced in from the back, and 
made tight by metallic joints only, and kept in position by the 
combustion chamber F, which is bolted to the end of the cylin- 
der, having a projection fitting into a recess formed by making 
the liner a little shorter than the cylinder. The whole of the 
combustion chamber is water-jacketed, G, although not in com- 
munication with the main jacket B, and has a separate inlet H 
and outlet I ; D and E being the supply and outlet to the 
cylinder jacket, the bridge pieces connecting them with the 
main supply and outlet pipes. By arranging the areas of the 
relative opeuings proportionate to the needs of the combustion 
chamber and main jacket, a most efficient circulation is obtained. 
The air valve J and exhaust valve K being in the direct line of 
the impulse greatly facilitate both the inlet of the charge and 
expulsion of the products of the combustion ; and as the gas 
entering at L through the .channel M meets the inrushing air 
drawn from the air-silencing chamber (placed inside the base 
N) through the pipe P, a pure mixture is ensured at the nearest 
point of ignition — viz. the igniting port Q, which being a very 
short one and on the direct line of engine, ensures a very re- 
liable ignition without a timing valve. 

R is the gas inlet from the main gas cock L, used for the 
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Lanchester self-starter at S. The point [of indicating this 
engine is at the extreme end of the combustion chamber at T. 




E\ ' 



The form of connecting rod used is very unusual in the gas 
engine, the large end being fitted with a strap, gib, and cotter. 
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which, as the impulse is taken only on the outward stroke, may 
be light, and yet permit of very fine adjustment. The cranks 
are of the slotted form and balanced on the webs, a practice 




strictly adhered to in all engines giving above 8 b.h.p. The 
pistons are of unusual length and as light as possible. 

The Eichardson type of governor is used, and the side shaft 
is fitted with adjustable bearings ; and all engines are arranged 
to run in either direction. 
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In fig. 20, which is the form of engine used for the sizes 
ranging from 2£ to 8 b.h.p, the only modification from that 
of fig. 19 is that the bed and base are in one casting, and the 
cranks are not balanced on the webs ; and fig. 21 represents 
their smallest size of engine, on which an inertia governor of a 
simple form is substituted for the centrifugal one. 

The tendency of all makers in designing large powers of gas 
engines is to arrange them in the girder form, and figs. 22, 23, 
and 24 are the elevation, plan, and perspective elevation of a 
100 B.H.P. of this type. 




Fig. 21.— £ b.h.p. robey engine 

Any part can be detached for examination and repairs with- 
out interfering with any other part of the engine, and readily 
put together again by means of a few turned bolts. The main 
girders are tied together by a large foot, yet, when completed, 
form a substantial structure, in which the strains are very 
evenly distributed. The governing gear has all the advantages 
of the centrifugal governor, and a broad striking edge, the dis- 
turbing action being practically nil. The combustion chamber 
is fitted with manholes, which, besides serving as a means of 
cleaning out the cores at the foundry, are useful, when bad 
water is used, in keeping the jacket face from mud, and the 
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covers being made specially thin, act as safety doors in case of 
frost. 

The bearings are in four pieces, the adjustment of which is 
arranged by wedges on the side opposite which takes the ex- 
plosion. The length of the centres of the connecting rod is not 
less than three times the length of the stroke, and as balanced 
cranks are used the strains are greatly reduced. Only one fly- 
wheel with barring teeth and a water trough (for testing pur- 
poses) is fitted ; but an outer bearing and pedestal is provided, 
as the flywheel has to be of necessity very large and heavy. 

The crank is fitted with a neat arrangement of centrifugal 
lubrication for long-continuous running. 

The Lanchester system is the method of self-starting used 
by this firm. 
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Tangyes (Limited) , Birmingham 

Few firms have spent so much time and money as Messrs. 
Tangyes in endeavouring to secure a marketable gas engine, 
and a walk through their museum at Cornwall Works, Soho, 
Birmingham, is an education in itself, for every form of engine 
from the Lenoir to the four cycle type, in various stages and 
in all sizes, trace the history of their experiments — all, however, 
to be discar3ed as so much waste effort, except the experience 
gained, when the ' Otto ' patent rights expired ; for Messrs. 
Tangyes were one of the earliest firms to take advantage of the 
prestige gained by the ' Otto ' engine when the right to make 
them was no longer confined to Messrs. Crossley Brothers. 

Their designs differ from Crossleys' engine in that the 
main cylinder and combustion chamber are made in two 
pieces, instead of one, whilst retaining the practice of bolting 
the cylinder to the main body of the engine. In the large 
sizes the valves are in the direct line of the explosion. In all 
sizes the ignition port passage is as short as possible — in fact, 
this has been obtained by sacrificing the appearance of the 
back end. However, a short ignition passage possesses many 
advantages, and more useful effect from the explosion can be 
obtained in this way than by passing round sharp corners. 

Figs. 25, 26, 27, and 28 are part section and external eleva- 
tion of a 3 h.p. nom. engine. The air and gas inlet C, it will 
be seen, are in this size placed at the extreme end of the combus- 
tion chamber, on the centre line, whilst the exhaust valve box F 
is bolted to the side of the cylinder. The joint, however, in this 
engine would not have the same tendency to break as in some 
other forms, from the fact that there is no water jacket sur- 
rounding it, and the joint surfaces can be larger. The con- 
necting rod centres are not less than three times the length of 
the stroke, and all engines below 16 h.p. nom. are fitted with 
bent cranks. Automatic ignition is used on engines below 
7 h.p. nom., and a peculiar form of inertia governor on 
engines up to 10 h.p. nom. Eeferring again to the sections 
(figs. 25, 26, and 27), it will be seen that the water jacket of the 
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combustion chamber A is in direct communication with the 
jacket in the cylinder B, and all water has to pass through holes 
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made in the joint, as the water inlet I is in the back end and 
the outlet J in the main water jacket, making it somewhat 




I 

00 



m 



difficult to keep this joint thoroughly tight. Fig. 29 represents 
a 12 h.p. nom., the design of which only differs from the 
3 h.p. in that the base is made in two parts instead of one, and 
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is fitted with a centrifugal governor, two flywheels, and 
arranged with a timing valve. In the larger size, however, 




represented by the 40 h.p. nom. (fig. 30) a distinct departure is 
made. The separate base is dispensed with, the engine being 
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kept very low, with the bed extended well under the cylinder, 
which is supported by means of a foot at the extreme end of it. 
The exhaust valve is placed in the main cylinder casting on 
the centre line, and the air, gas, and timing valves in the short 
back cover. 

This firm have recently constructed an engine having a 
single cylinder 24 inches diameter, with a stroke of 30 inches, 
intended to run at 150 revolutions per minute, which it is said 
will develop 196 i.h.p. when using producer gas ; and in order 
to mitigate the difficulties experienced in lifting the exhaust 
valve against the terminal pressure, which in this engine would 
be about one ton upon the head of the valve, they have 
arranged an auxiliary valve which, whilst actuated by the same 
lever, is lifted in advance of the main oqe. 

TANGYES' GAS ENGINE 
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With such dimensions and forces inherent in these large 
engines, the difficulties are not in the construction of an engine 
to withstand the heavy pressures so much as in overcoming 
the results of these forces when aggravated by the differential 
stresses resulting from the high temperature of combustion 
and unequal effect of the cooling water in the jacket. 

In these large engines, when working at full load and using 
high compression, the combustion chamber is liable to become 
so hot that early firing ensues, the incoming charge being fired 
before end of compression stroke. 

The above engine, like all Messrs. Tangye's large sizes, is 
fitted with their hand-pressure starter. 

J. E. H. Andrew & Co. {Limited), Beddish 

This firm commenced making gas engines as far back as 
1878, in which year the late Mr. Andrew acquired the rights of 
the Bisschop engine at the Paris Exhibition, and continued 
manufacturing that type only until 1883, when they brought 
out the first Stockport engine, designed to give an impulse every 
revolution when working at full power, of which type they manu- 
factured some thousands, and forming, before the expiry of the 
' Otto ' patents, the most formidable rival Messrs. Crossley had ; 
but, like all the other engines, the Stockport, as then known, 
disappeared when those rights expired. Fig. 31 is a part sec- 
tional elevation, fig. 32 a sectional end elevation, and fig. 33 a 
perspective elevation of a 21 b.h.p. engine. The distinguish- 
ing features of this firm's designs are, that up to 85 b.h.p. the 
bed and cylinder are cast in one, and the back cover or combus- 
tion chamber attached to it by bolts, which go through its whole 
length. The air valve box is bolted to the end of the combus- 
tion chamber and is water-jacketed, the air inlet pipe passage 
forming part of the cylinder casting, opening into and fitted 
with baffle plates in the base. The exhaust valve box is bolted 
to the side of the combustion chamber, not in the direct line of 
explosion, and is also water-jacketed. No gas cock is fitted other 
than that on the gas bag on most of the sizes. The method 
of providing against the effects of frost is by making the metal 
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forming the extreme end very thin, so that this point should 
be the first to give when the water expands in freezing. 

In their 54 b.h.p. engine (shown in fig. 34) the centre 
line is kept very low and the bed extended well under the 
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cylinder. A centrifugal governor combined with a momentum 
arrangement is used, but in all other respects is designed on the 
lines of the 21 b.h.p. The vertical engine shown in fig. 35 is 
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a 5 b.h.p. and, like the smaller horizontal ones, is fitted with a 
vibrating governor and tube ignition. 

All the engines dealt with hitherto have been engines in 
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which the cylinder has been either overhung from the main 
casting carrying the bearings, or supported with a foot ; but in 




Fig. 35. — 5 b.h.p. stockport vertical engine 



figs. 36, 37, and 38 are seen engines in which the cylinders and 
main bearings are bolted to a flat frame ; and it is claimed by 
the makers that a firmer grip upon the foundations is obtained 
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without overhanging the cylinders. The piston is unusually 
short, but is supported by a slide block connected to it by a rod. 
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The crosshead pin and brasses, however, by this arrangement are 
easy to get at for adjustment. The 85 b.h.p. (fig. 36) has a 
cylinder 18 inches diameter and 24 inches stroke, in which the 




valves are arranged as in figs. 31, 32, and 33, is fitted with a 
bent crank, and balanced by means of weights placed between 
the arms of the flywheels near the boss. Figs. 37 and 38 are 
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an elevation and plan of a tandem engine, having cylinders 
25£ inches diameter and 36 inches stroke, which, when running 
at 120 revolutions per minute and working with coal gas of 
16 candle-power, it is stated, will develop 400 b.h.p., and 330 
b.h.p. when working with producer gas. It is, however, im- 
possible to give any reliable data as to its b.h.p. or the gas 
consumed, as there are several other engines working from the 
same producer plant. 

The cycle of operations in this engine is that shown in 
fig. 1 at B, and also in fig. 3 — that is, an impulse every revolution 
when working at full power. The two pistons are connected 
by side rods supported at their ends by slide blocks, the con- 
necting rod being common to both. The blow from the ex- 
plosion of the charge delivered by the connecting rod at centre 
of cross-piece gives the latter severe bending, whilst the action 
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at its ends on the slide blocks is calculated to add greatly to 
the friction and resistance. Unlike their usual practice, the 
air and exhaust valves are placed on the end of the combus- 
tion chamber, one side shaft actuating the whole of the valves, 
and the gas inlet of both cylinders is under the control of one 
centrifugal governor. 

The self-starter used by this firm is very simple and 
efficient. 

Fielding dc Piatt, Gloucester 

Messrs. Fielding & Piatt's experiments in gas motors date 
back to 1879, from which year to 1890 they were engaged, like 
many other firms, in comparing other types with the now uni- 
versal ' Otto.' The evolution of their present form of valves 
has been very interesting. However, a description of these 
is outside the scope of this treatise. It is difficult to under- 
stand why, when designing an engine to combine the many 
advantages of the girder frame, engineers should nullify those 
advantages by arranging the bearings so that the force of the 
explosion has to be taken up by the cap bolts, when it is as 
easy to arrange that the main casting shall be utilised for the 
purpose. Fig. 39 shows that this firm, like others, have fallen 
into this error, as in the 100 b.h.p. engine this defect is very 
pronounced. The girders and main bearings are in one casting, 
to which the cylinder is bolted, the bolts for which are, however, 
covered over with a loose ring. Although this gives the engine a 
very neat appearance, it does not admit of easy access to the 
bolts. The air and exhaust valves are carried in one box, form- 
ing part of the combustion chamber, the air valve being ar- 
ranged at the top and the exhaust valve at the bottom. The 
governor and gear are of the ordinary dead- weight centrifugal 
pattern. 

An illustration of the development of large power in gas 
engines is shown in figs. 40 and 41, wherein 180 b.h.p. is ar- 
ranged to drive direct an air compressor at the high speed of 
150 revolutions per minute. The distinctive feature is that 
the crank shaft, arranged between the back end of one cylinder 
and the front end of the other, is placed above the centre 
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line of the cylinder, to allow the rods coupling the two pistons 
to travel in a direct line under the crank shaft, one connecting 



i 7 ' "f .<■ 




rod serving the purpose of the two cylinders. The cycle of 
operations is the same as that shown in fig. 2 at B, and fig. 4 — 

E 
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that is, an impulse is obtained at every revolution when work- 
ing at full power. 

The compressor, which was constructed by Messrs. Johnson 
& Co., Stratford, London, is a two-stage one, compressing the air 
up to 40 lbs. per square inch above the atmosphere. 




Fig. 42. — 1^ h.p. nom. fielding vertical engine 

The engine is fitted with a Fielding high-pressure starter 
applied to one cylinder only. The makers state that a highly 
satisfactory test has been made with this plant, using producer 
gas, although the results were not sufficiently accurate for 
publication. 
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The vertical engine shown in fig. 42 is a departure in design 
from those made by other firms, the valve arrangement being 
very neat and compact. These points, together with automatic 
tube ignition and an inertia governor, give a well-designed 
engine. 

T. B. Barker & Co., Birmingham 

Messrs. Barker & Co. claim an experience in gas engine 
manufacture extending over a long series of years, and ranging 
from an atmospheric engine to the present ' Otto ' type, for some 
time paying considerable attention to the three-cycle engine ; 
and tests conducted by independent authorities proved that even 
with this type very low gas consumptions were obtained. 

Fig. 43 shows their 9 h.p. nom. size, the cylinder of which 
is fitted into the bed and held in its place by bolts passing 
through the water jacket. The valve gear is exceedingly simple, 
and the governor of the inertia type. 

Their 16 h.p. nom. engine, shown at fig. 44, has a cylinder 
12 inches diameter and a stroke of 20 inches, and which gave 
most satisfactory results in an independent test, particulars of 
which will be found on pp. 240 to 248. 
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The cylinder and bed are in one casting, with a separate 
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base, the back cover, containing the gas, air, and exhaust valves, 
is water- jacketed, and is bolted to the end of the cylinder. The 




practice of this firm is to fit engines of all sizes with bent cranks, 
automatic tube ignition, and to arrange the gear wheels which 
drive the side shaft between the bearing and the crank so 
that the flywheel or pulley may be brought close up to the 
bearing. The centrifugal governor fitted to this size can be 
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regulated whilst running in a very simple manner. The 
Lanchester starting system is adopted. 
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Wells Brothers, Sandiacre, near Nottingham 

Whilst the history of this firm as gas engine makers does 
not date back beyond 1889, the fact that they were the first to 
demonstrate the possibility of starting a gas engine by pump- 
ing a charge of gas and air into the combustion chamber in 
1889, and the advantage gained by using a positive scavenging 
method (in 1890), and at the Crystal Palace Electrical 
Exhibition in 1891 being able to obtain 1 i.h.p. with 16*5 
cubic feet of London gas with an engine giving 27 b.h.p., is 
sufficient to give them the right to take a foremost place 
amongst gas engine manufacturers. 




Fig. 45. — \ h.p. nom. « premier ' engine 

Fig. 45 shows their \ h.p. nom. engine, which develops 
\ b.h.p. when running about 200 revolutions per minute. 

One of the novel features in this engine is the manner in 
which the mixture is admitted by means of one intermittent 
rotary valve, which remains at rest with the exhaust port open 
when making idle strokes. The method of governing is in- 
teresting in that the engine may run idle 1, 2, 3 revolutions ; 
not as in the ordinary engine, in which the idle revolutions 
must be 2, 4, 6, &c. 

It is entirely self-contained, and does not require separate 
water tanks, the cooling water being contained in the bed- 
plate, and its weight helps to steady the engine and prevents 
vibration. 
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Fig. 46 represents an ordinary engine of a larger size — viz. 
9 h.p. nom. The admission and exhaust valves are arranged 
at an angle with the centre of the combustion chamber. 
The overhanging part of the cylinder is small, the main 
casting very rigid, and three bearings are used for the crank 
shaft, the worm wheels for driving the cross shaft being 
arranged between the two smaller ones, and the flywheels 
are brought close up to them on both sides. Automatic tube 
ignition and a modified form of inertia governor is fitted. 




Fig. 46. — 9 h.p. nom. « premier' engine 



All the engines described hitherto have been of the ordinary 
trunk piston type. But fig. 47 is an external, fig. 48 a longi- 
tudinal section, and fig. 49 an end view of an engine arranged 
with a positive scavenging arrangement, as already mentioned, 
is interesting as being the first successful engine using the 
scavenging method. 

The combustion chamber A is fitted with an air valve B and 
gas valve C, the exhaust valve D being arranged immediately 
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under the air valve. The air passage E leads to the air chamber F, 
in which works the air pump piston G, which serves as a guide 




© 



also, attached to the motor piston H. The air reservoir I is 
situated^ in the base of the main casting J, the air entering 
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through the automatic valve K K'. This chamber is in com- 
munication with the air pump by means of a passage L. 

During the forward stroke a charge of air is drawn into the 
air chamber, which on the return stroke is slightly compressed, 
and enters the combustion chamber by means of the automatic 
air valve (this valve acts independently of the gas valve) . If 
this return stroke were the exhausting one, the expulsion of 
the products must necessarily be assisted to a considerable 
extent, and the combustion chamber be almost filled with pure 
air. During the compression and explosion strokes there is 
a slight gain of power owing to the heating of the air, but 
as this heating is very slight, the gain cannot be reckoned 
upon. 

Fig. 50 is a diagram taken from the air pump cylinder of a 
30 h.p. nom. engine. S is the suction line and C the com- 
pression lines, coinciding for both back strokes till the admission 
valve opens; then on the exhaust stroke the discharge line 
D D' is horizontal, till the piston nearly comes to rest, when the 
drop is very rapid, owing to the exhaust valve being nearly full 
open, and the gases in the pipe in motion. 

Scale "£ 160 Revs. 




Fig. 50. — air pump diagram (' premier ') 




Fig. 51.— light spring card (' premier ') 

Fig. 51 is a light spring card taken from the motor cylinder 
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of the same engine ; the effect of the entrance of air in the 
cylinder is shown at A, near the end of the stroke. 




The area of the air pump piston is 1*65 time that of the 
motor piston, or a difference of area of 0*65 time the motor 
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piston, which fraction multiplied by the mean pressure in the 
pump will give the equivalent deduction to be made from the 
effective pressure in the latter, in order to allow for loss of 
power in the pump. 

The work absorbed in forcing the air through is, owing to 
free passages, very slight, as a reduction of £ to 1 lb. per square 
inch from the indicator card will cover it. 

From a mechanical point of view the air cylinder is advan- 
tageous, as the front end of the piston remains cool and offers a 
large surface for taking the lateral thrust of the connecting 
rod, and a cool bearing for the piston pin. 

Fig. 52 is an external elevation of a tandem ' scavenging ' 
engine, which will indicate 150 h.p. with coal gas, and one- 
fifth less with Dowson gas. With Sandiacre gas, the consump- 
tion is 15 cubic feet per i.h.p. per hour. 

Eeferring to fig. 52, it will be seen that the two pistons 
are coupled by side rods passing through the cylinder jacket, 
though not in contact with the cooling water. The pistons 
are well supported by a slide block working between the two 
cylinders. A governor of the centrifugal type mounted on the 
crank shaft actuates the gas pecker lever on each cylinder. 
When working at full power an impulse is obtained for each 
revolution of the crank shaft. 

The design of this engine is well thought out, and is 
admirably adapted for hard work without undue heating. 



Clarke, Chapman d- Co. (Limited), Gateshead-on-Tyne 

All the engines described have been worked on the ' Otto ' 
cycle, with fixed air and gas inlet, the latter being in some 
cases varied by a graduated cam, tube ignition, and side shaft 
for operating valve levers. In this engine there is a new 
departure, inasmuch as the lifting drop valves and tube 
ignition is dispensed with, the system adopted being known 
as ' Butler's.' 

Fig. 53 is an external elevation ; fig. 54 a sectional plan, and 
fig. 55 a cross section, clearly show the whole arrangement. 
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It will be seen that only one four-chambered equilibrium 
valve is used, the speed of which is one-fourth that of the 
crank, and controls the various functions of the supply of gas, 
air, and exhaust. The gas and air pass through an inspirator, 
where they get properly mixed on their way to the combustion 
chamber. 

The speed regulator is actuated by a flywheel governor, 
which opens or closes the regulator valve so as to admit a 
larger or smaller charge of unvarying richness, and is capable 
of easy adjustment by hand while the engine is running, 




CLABKE, CHAPMAN & CO.'S ENGINE 



enabling any required speed to be maintained in the manner 
obtained in ordinary steam engine practice, the governor auto- 
matically keeping the engine at that speed. The charge is 
exploded at the end of the compression stroke by an electric 
spark from an induction coil excited by a bichromate battery, 
which is charged about every other day with 1\ lb. of acid 
mixture in the form of a damp red paste. • 

Figs. 56 and 57 are diagrams taken from a 33 b.h.p. engine, 
and show the remarkable speed obtained with a variation in 
load from 32 to 5 b.h.p. Fig. 58 is a diagram taken when 
the engine is running light. 
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The general proportions of this engine are good and the 
simplicity very marked. There is, however, a strong prejudice 
against electric ignition; but the makers supply this type 
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Fig. 56 
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Fig. 57 
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Fig. 58.— motor diagrams. — clarke, chapman & co. 



of engine with tube ignition, and the charge is sufficiently 
explosive to be fired by an incandescent tube, so that equally 
good results can be obtained in this way. 
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CHAPTEE V 

FLYWHEELS 

The object of a flywheel is to reduce the fluctuations in the 
speed of an engine due to the inequality of power and resist- 
ance. In an ' Otto ' engine, since the piston turns the crank 
only half a revolution during the explosion stroke, the energy 
stored in the flywheel must be considerable to keep up the 
rotation during the negative strokes, with the result that very 
heavy ones must of necessity be used. 

The superiority of the graphical over the analytical methods 
for determining the weight of a flywheel is generally acknow- 
ledged, and deals with all the variable functions entering into 
the question with a simplicity, clearness, and accuracy perfectly 
adequate to the demands of practice. Yet, however advan- 
tageous its application, an amount of labour is involved not 
always at the disposal of the designer. 

The first step to be taken in fixing the weight of any fly- 
wheel for a given engine is to ascertain the tangential pressure 
and turning effort on the crank pin, taking into account the effect 
of the reciprocating parts, which may be found as follows. Fig. 
60 is an indicator diagram taken from an engine having a cylinder 
19 inches in diameter and a stroke of 30 inches, running at 120 
revolutions per minute. The weight of the piston and gudgeon 
in this engine is 546 lbs., the connecting rod = 786 lbs., making a 
total weight of the reciprocating parts of 1,332 lbs. This indicator 
diagram must be corrected, as the reciprocating parts — viz. the 
piston and connecting rod— are in a state of rest at the com- 
mencement of the stroke, and power is expended in accelerating 
or bringing them to the required velocity ; then at the end of 
the stroke the inertia possessed by them must be added to the 
pressure behind the piston. 

Therefore, taking the movement of the piston corresponding 

F 
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to 1° of turning of the crank, the extent of motion will be 
the versed sine of an angle of 1° with a radius of 1*25 foot 

= -0001523 x 1-25 = -00019 foot in the time of * x ™ 

oou 120 

s= - _-. of a second, which is equivalent, as regards the ac- 
celerating force required to produce it, to a motion of '00019 

= 2 X (720). 

Whence / = -00019 x 518400 x 2 = 196-99 feet per 
second, the space passed through, under a uniformly accelerat- 
ing force, being in proportion to the square of the time ; there- 
fore this motion of 196*99 feet per second being 6*1 times the 
acceleration due to gravity (32*2 feet per second), the force 
required to impart this velocity amounts to 6*1 times the 
weight of the reciprocating parts = 1332 x 6*1 = 8125*2 lbs. 

8125*2 

= to a pressure of c^r-r ; — — -- , = 28 lbs. per square 

r 283*5 (area of piston) r * 

inch, which equals the accelerating and retarding force due to 
the inertia of the moving parts. Although there is a slight 
difference in the effect produced at each end of the stroke, owing 
to the angularity of the connecting rod, it may be neglected for 
the purpose of this example. 

Fig. 61 is a diagram showing this accelerating and retarding 
force above and below the horizontal centre line A B, super- 
posed for the purpose of correcting the original diagram (fig. 60) ; 
by joining these two forces we get a diagram which gives 
the pressure at any part of the stroke, and by subtracting and 
adding these pressures to the original diagram (fig. 60) we get 
the corrected diagram as shown in fig. 62 for the firing stroke, 
fig. 63 for the exhausting stroke, fig. 64 for the charging stroke, 
and fig. 65 for the compression stroke. Now take position 1 
of crank pin and join 1', prolonging centre line of connecting 
rod beyond point 1 to C, making 1 C = 1' D pressure' on pis- 
ton, and neglecting angularity of connecting rod this equals 
pressure transmitted to crank pin by connecting rod. j This 
pressure is now resolved into two forces, by drawing a perpen- 
dicular to centre line of crank arm to pass through point C ; then 

F 2 
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C E will be one force acting tangentially to crank, and tending 
to turn it round, and IE will be the other force acting through 
the crank, resulting in pressure on bearings. We find the tan- 
gential forces for the remaining positions of crank, and a curve 
drawn through these points will give a circumferential diagram 
showing the turning efforts on the crank pin exerted by pressure 
•on the piston. The same process is repeated for fig. 63, show- 
ing the negative and positive pressures on the exhausting stroke, 
fig. 64 On the charging stroke, and fig. 65 on the compressing 
stroke. 

Fig. 66 shows in a linear diagram the pressures at the vari- 
ous points of the stroke, G H representing the path of the crank 
pin, the positive pressures being above and the negative ones 
below the line, showing at a glance how the pressure on the 
piston is distributed to the crank pin, being diminished or in- 
creased as the inertia of the weight of the moving parts is acting 
with or against it. Thus, commencing with the charging stroke, 
it is assumed that the charge enters at atmospheric pressure 
(although in practice this is found to be 1 or 2 lbs. below), so that 
the pressure on the crank pin is governed altogether by the 
inertia of the moving parts, as through the first three divisions 
the energy stored in the flywheel has to be utilised in drawing 
the piston forward, imparting to the moving parts their re- 
quired amount of inertia. From the middle of the stroke to the 
end the work is done by the pressure required to bring the 
moving parts to a state of rest, and during the compression 
stroke the effect of the inertia is to make the work done by the 
flywheel equal at each end of the stroke, and greatest in the 
middle, whilst on the firing stroke the inertia has the effect of 
reducing the pressure of explosion on the crank pin at its com- 
mencement, and does not reach its maximum until about a 
quarter of the stroke has been completed, when the pressure 
gradually decreases until the exhausting stroke commences, 
when the energy stored by the flywheel drives the piston back, 
expelling the products of combustion ; and on reaching the. 
middle of the stroke the energy stored in the moving parts again' 
•comes into play, so that no power is lost by this inertia, as the 
amount absorbed atone part of the stroke is given out at the other. 
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The mean of the pressures contained in the six divisions of 
the compression stroke (fig. 60) is 15 lbs. pressure on the crank 
pin per square inch of piston area, which work has to be done 
by the stored-up energy in the flywheel. In the same way the 

pressure for the firing stroke will be - - = 70 lbs. per square 

inch of piston area on crank pin ; subtracting . the negative 
mean tangential pressure during the compression stroke from 
the positive mean tangential pressure during the firing stroke^ 
= 70 — 15 = 55 lbs. which mean pressure, having to be dis- 
tributed between the number of strokes in a complete cycle, 

55 

gives ~ = 13*75 lbs., and this deducted from that of the firing 

stroke, viz. 70—13*75 = 56*25 lbs. = the excess tangential pres- 
sure obtained during the firing stroke. The work supplied by a 

W 

fly wheel during its retardation = - (V 2 max. — V 2 min.), where 

W = weight in lbs., g = acceleration of gravity, V maximum = 
the highest, and V minimum = the reduced velocity, in feet per 
second. The variation in speed should not exceed 5 per cent, 
for commercial engines, and where extreme steadiness of run- 
ning is required the variation should not exceed 2 per cent. 
With 5 per cent, variation (that is, frcftn 1*025 to *975 of the mean 
or reputed speed) V = (V max. 2 — V min. 2 ) = 1 V 2 , hence the 

work of retardation of the wheel = ^ - - foot-lb., and the, 

work to be stored up in the flywheel = 56*25 x 3*9 x 283*5 
(square inches) = 62,171 foot-lbs., where 56*25 equals the excess 
of tangential pressure during the firing stroke in pounds per 
square inch of piston area, 3*9 equals half the circumference 
of the crank pin circle in feet, and 283*5 square inches equate 
the piston area. 

Assuming the diameter of the flywheel to be 10 feet, the 
mean velocity of rim = ^A i 1416 *™ revolutions _ 62 . & 

feet per second = V. V 2 = 3943. 

We can now resolve the equation into 



FLYWHEELS 71 

•1 WJL_ V * = 62,171 foot-lbs. 

1 W 62-8 2 _.._ 
10 x T x 2x32- 62171 

• W-^- 1 !! 640 39789440 
'' 1 x 3943~ 3943 

= 10093 = 4 tons 10 cwts. 

the weight of flywheel required for the above engine. 

For approximate weight of flywheels the above diagrams 
and formulaB may be taken as a standard, as all gas engine indi- 
cator cards are much the same. 

The different methods by which the flywheels are keyed to 
the crank, shaft are illustrated in figs. 67 and 68. Fig. 68 is the 
method used for small and medium sized engines. But for larger 
sized engines two keys are generally fitted, as shown in fig. 67, 
one of which is a saddle key. 

Fig. 69 shows a special method of keying flywheels on large 
engines which was designed by Mr. S. Quipp, one of the staff 
of Eobey & Co., and differs from fig. 67 in that, instead of a saddle 
key, a special form is used, sunk deep in the flywheel at 
one side, and deep into the shaft at the opposite side, the 
direction of running determining the deep side, the shallow side 
in the shaft always leading in the direction in which the engine is 
running. This key drives as a strut in the manner indicated by 
the arrows, the bearing surface in proportion to cross section 
being considerably increased, taking all the driving strain due to 
the pressure of the explosion, and effectually resisting the shock 
due to the starting impulse, which in all pressure starters is very 
great, the heavy flywheel having to get up the required velo- 
city due to the force of this impulse almost instantaneously, and 
the inertia of the flywheel acting against this impulse causes a 
very severe strain on the sides of the key beds in both shaft and 
flywheel, the result being that it soon becomes loose when a 
single key is used. Flywheels over 7 feet in diameter should 
be cast in halves, as the greater frictional grip obtained by the 
bolts assists the keys in a very efficient manner. 

Until recently the practice of gas engine makers was to fit 
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two flywheels to each engine, each wheel being but half the 
weight given by the foregoing formulae. Although this practice 
is still followed in small engines the tendency is towards the use 

Fig. 67 




FlGB. 67, 68.— FLYWHEELS 
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of one flywheel only ; and 
in engines giving over 40 
e.h.p. the crank shaft 
should be enlarged where 
the flywheel is fitted, 
which enlargement may be 
continued sufficiently far 
to take the driving pulley. 
There should be a journal 
and outer bearing at the 
end of the crank shaft with 
the flywheel and pulley 
between it and the engine 
crank neck. This makes 
a much better arrange- 
ment than taking the 
whole power of the engine 
off at a distance from the 
bearing by means of an 
overhung crank shaft. In 
large engines, where the 
crank shaft is enlarged, say, 
a quarter of an inch for 
every inch diameter of 
engine crank neck bearing, 
and where the systems 
shown in fig. 69 are used, 
the size of the key may be 
as follows : Breadth of key 
= diameter of enlarged 
shaft -f- 4, depth of key. 
= half the breadth, and the 
depth of key- way in shaft 
may behalf the depth of key. 
But where there is no en- 
largement of shaft then 
the keys should be larger, 
especially in their depth. 
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Fig. 70 is a diagram giving the sizes of the keys as generally 
used. 

The following formulae for flywheels of single-acting * Otto ' 
cycle engines is based on the practical experience gained by 
Mr. F. W. Lanchester with over 500 engines, so far as the con- 
stants are concerned. 

It is assumed for purposes of convenience that flywheels of 
different sizes are geometrically proportional in their various 
parts. 

Let W = weight of wheel in cwts. 

D =a outside diameter of rim in feet. 

V = volume in cubic feet swept by piston. 

P = mean effective pressure of working stroke. 

C = constant, 

E = revolutions per minute. 

Then W = i 2X lxYxP. 
That is, W= V_P C; 

Value of ' C from Practice.— For engines for ordinary pur- 
poses, C = 125 ; for engines for electric lighting purposes, 
C = 250; Messrs. Crossley, for electric lighting engines, 
make C = 400. 

In practice the constants 125 to. 250 are sufficient when the 
engine is fitted with good governor gear. Unfortunately for 
the efficiency of many engines flywheels are used which are 
too heavy when the governor is in action to respond quickly to 
the governor control, which is a more important factor than 
storing energy in the flywheel when steady running is required. 
But as this result is difficult to obtain without very ' close ' 
governing, many makers hide their inability by laying great 
stress on the heavy flywheels fitted to their engines. 
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CHAPTEE VI 

CEANK SHAFTS 

In the various engines dealt with from page to page attention has 
been drawn to the types of crank shafts used on them, Cross- 
ley's and Kobey's using upon all sizes the form known as the 
* slab ' crank, and the other makers having arbitrarily and with 
no uniformity as to size of engine, adopted both this and the 
' bent ' forms ; and it would appear that in many cases the 
makers seem at a loss to know how to determine the sizes, 
if the divergencies from any possible formulae in their own 
manufactures can be taken as evidence. 

It is necessary in proportioning the crank shaft to take into 
account the combined strains to which it is subjected, one of 
which is due to the twisting action caused by the pressure act- 
ing on the crank pin, and the other to bending owing to the 
distance of centre of crank pin from centre of bearings. 

In some formulae for determining the size of crank shafts it 

is given that the latter force may be neglected and the diameter 

found for the twisting action only. By this rule the diameter of 

z /s xl 
the shaft will be = v -_ for steel, where s = load on piston 

(area of cylinder x maximum pressure of explosion), I = length 
of stroke in feet ; but this rule is only approximate, as the 
bending moment is a very considerable item, and is well shown 
by the following graphic method. 

Suppose an engine has a cylinder of 19 inches bore x 30 
inches stroke, with a maximum tangential force of 120 lbs. 
per square inch (as found in figs. 61 and 62), which may be 
taken as a constant in all engines using the same compression, 
a maximum pressure of 34,000 lbs. is exerted on the crank pin. 
By plotting out the centre line of the crank shaft A B (see fig. 
71), together with centre line of crank pin GFG and centre 
lines of crank shaft bearings A and B, projecting these down to 
the horizontal line ah, continue point c downwards, and set 
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off c d = maximum force on crank pin, viz. 15 tons. And on a 
line projected downwards through a, representing the centre 




fv&ce Scale 
/2 Tons pczr A/cm. 



-i 

FlO 71. — CRANK SHAFTS 



line of one main bearing, set off a e = c d, and from b, which 
represents the centre line of the other main bearing, dra^ b d f 
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join a d, and from e.draw a line e o parallel to 6 d, cutting line a d 
at the point o. From o draw o f perpendicular to a e, when ef 
will equal the load on the bearing B, and /a, the load- on the 
bearing A, o f being the polar distance for the bending moment 
diagram a, b, d. In this engine ; the power being all taken from 
the side A D of the crank shaft, the side B F has nothing to 
drive but the cross shaft of the engine, therefore the shaft B E 
is subject only to a bending strain, as shown by the right-hand 
side of' bending moment diagram g, h, b. 

The shaft A D is subject to a bending strain, as shown by 
the left-hand side of the bending moment diagram a, i, j, and 
to torsion due to the force on the crank pin — yiz. 15 tons 
x radius of crank. Make d k parallel to c a and = polar dis- 
tance o f, and draw a line through c k, which line continue 
through k ; now draw line I m = radius of crank and parallel 
to d k. Then c I = 24 tons x the polar distance of in 

9*5 
feet = 24 x - - = 19 foot-tons, the required torsion moment, 

9*5 
and i j = 9 tons x the polar distance in feet = 9 x - 

= 7*1 foot-tons, the maximum bending moment to which the 
shaft A D is subjected. Combining these into an equivalent 
torsion moment by the following rule : 

-) E. T. M = equivalent twisting moment 

= M H- VM^-TT 2 
in which M. = maximum bending moment 
and T. = Jf torsion ,, 



.-. E. T. M. =: 7-1 + V 7'1 2 + 19 2 = 27-37 foot-tons 
the diameter of the # crank shaft. 

= 3 /E. T7M. inlb s^ 

' v 140 (safe moment for steel). 

In this example the diameter of crank shaft =v __ - 

140 

= jyiL37 = 7f inches. The above moment for steel gives a 
factor of safety of 10, and is based upon a bar 1 inch in diameter 
breaking withl,'400 lbs., at the end of a lever 1 foot long. The 
crank pin F, C, G is subject to bending, as shown in the diagram 
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i,j, d,h, g (fig. 71), and also to torsion due to the force ef acting at 
B with radius of crank. Make b n = radius of crank, and from 
n draw a line perpendicular to b n cutting b d in p ; then n, p 

95 

= 12 tons x the polar distance in feet == 12 x — - = 9*5 foot- 
le 

tons, which equals the required torsional moment, and c d = 15 

95 
tons x the polar distance in feet = 15 x , = 11-7 foot- 
le 

tons, which equals the maximum bending moment to which the 

crank pin is subjected. 

Combine these two into an equivalent twisting moment. 

E. T. M. = M. |VM 2 + T 2 = 11-7 + jlVV~~+~$& 
= 26*8 foot-tons, and the diameter of crank pin 

1/ E: T, M.~(inlbiak) 

~" 140 (safe moment for steel). 

In this example the diameter of crank pin 

"60^32^^430 = 7y ^ incheg 



"v 7 



In practice, however, the crank pin is never made smaller 
than the diameter of the crank neck, but generally larger (a good 
proportion is one-eighth of itself larger), and its length is deter- 
mined by the maximum working pressure to which it is advisable 
to subject it so as to eliminate any fear of heating during long 
runs. This pressure should not exceed 600 lbs. per square inch 
of crank pin bearing surface, and is best taken as 500 lbs. 

The maximum tangential pressure on crank pin being 
34,000 lbs., and dividing this by 500 gives 68 square inches as 
the required area of bearing surface. 

The diameter of crank neck being 1\ inches, and making the 
diameter of pin one-eighth larger we have 8 \ inches for its dia- 
meter ; and as the net bearing surface of a journal equals one-third 
of its circumference x its length, or its diameter x the length, 

.-. The length of the crank pin will be = 8*25 inches. 

The crank arm E Q is subject to bending, due to the force 
ef acting at E, for which the bending moment diagram is found 
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by making the angle x at E' = the angle y at b, then G' q = 
the maximum bending strain ; and to torsion due to the same 
force acting with the leverage E G and for which amount 
= g h. The strains in this arm are small, and are consequently 
neglected in proportioning the size of the crank arm, the 
strength being the same as the crank arm D F. 

The crank arm D F is subject to bending due to the 
maximum tangential pressure acting at E, which equals the 

force c I =s D' r = 24 tons x polar distance in feet 

9.5 
= 24 x - — = 19 foot-tons = the maximum bending moment ; 

12 

and also to torsion, due to the force af acting with the leverage 
A D, which equals i j = 9 tons x polar distance in feet 

9*5 

= 9 x — - = 7*1 foot-tons, the required torsional moment. 

Combine these two into an equivalent twisting moment. 
E.T. M. = M. + V"M*T~T a = 19 + V~19 2 +T1 2 = 39-3 foot- 
tons. 

To find the size of the crank arm assume it to be a canti- 
lever fixed at one end and loaded at the other, the equivalent 
bending moment taken = .equivdantjw^ _ monient . I n 

39*3 
this case — = 19*65 foot-tons = 44016 foot-lbs. 

A 1-inch square steel bar 1 foot long, fixed at one end 
and loaded at the other, will break with a maximum bending 
moment of 1,200 foot- lbs., or with a factor of safety of 10 = 120 
foot-lbs. safe bending moment. 

The safe bending moment of any bar will equal b x cP 
x 120 ft.-lbs. where b equals breadth and d equals depth, 
therefore Ending moment =hx ^ 

By assuming one dimension for crank arm, the other may 
readily be found. Thus, assuming the breadth of crank web r 
which is often made *8 of the diameter of crank shaft, then 
7*5 x # 8 = 6 inches equals breadth of crank arm ; the other 

dimension will be - 4A0 }^ = 4 f? 1 ^ = 10-1 inches. 
6 2 + 120 4320 
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In the above example the flywheel and driving pulley are 
on one side of the engine, with the outer end of crank shaft carried 
by a third bearing, and, strictly speaking, the bending moment 
diagram should also be drawn for weight of flywheel, &c. ; but in 
most cases this moment will be less than thecombined equivalent 
twisting moment as found for shaft A D, so that the diameter 
of the crank shaft as found from the latter will be more than 
ample to cover the extra weight of flywheel and driving pulley, 
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Fig. 72 



Cylinder 


Diam. 1 Stroke 


5 


8 


5f 


9 


7* 


11 


H 


15 


^ 


18 


<* 


18 


12 


18 


Hi 


. 21 


14 


21 


17 . 


24 


19 


30 





A 


B 




If 


1* 


a 


3 


» 


H 


4 




3i 


4 




3* 


H 




** 


4} 




4i 


4J 


i H 


5$ 


7 


8 




7^ 


8 



I 



ft. in. 
4 

4* 
6* 

7£ 
9 
9 
9 
10J 

m 

12 
13 



1* 

2£ 
2S 

« 

3 
»» 

4 

41 
5} 
6 



3 

3£ 
3* 
3i 

*i 

H 

n 

9 



ft. in. 



H 


2* 


■8* 


3* 


9* 


■*k 


w* 


6 


2 


o 


3 


5* 


»t 


«t 


3J 


«t 


5 


8* 


10* 


10 


2 


11 



Fig. 72. — slab cranks 



also in engines of this class the crank shaft is enlarged between 
the engine main bearing and outer bearing to compensate for 
loss of section owing to the cutting of key bed. This enlarge- 
ment may be made \ inch for every inch in diameter- of crank 
shaft. (See Flywheels, page 72.) 

*G 
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With fig. 72 is given a table of sizes of crank shafts, of 
the slab form, from actual practice of some of the best makers, 
and with fig. 73 a table of sizes for the ' bent ' forms. 

Fig. 73 




Fig. 74 
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Figs. 73, 74.— bent cranks 



Balanced Crank 

When dealing with the Kobey gas engines mention was 
made of the method by which the reciprocating parts were 
balanced, by means of counter weights strapped to the webs. 
The method of building up and fixing them is clearly shown 
on figs. 75 and 76. 
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CHAPTEE VII 
PISTONS 

The general practice with gas engine makers is to dispense with 
slide bars and crosshead as used in the steam engine, and to 
transmit the force from the piston direct to the connecting rod, 
the former being made of trunk form, very long, and usually 
about double its diameter. The gudgeon pin is at or about the 
centre of its length. The piston should be of such a length 
that the pressure due to the angularity of the connecting rod — 
usually termed the pressure on the slide bars — shall not be 
excessive. This pressure should not exceed 20 lbs. per square 
inch of piston circumferential rubbing surface, which is usually 
taken as the diameter x its length. A simple graphic method 
of finding this pressure from indicator diagrams is as follows. 

In fig. 77, ABC is the indicator diagram taken from an 
engine having a cylinder 18 inches in diameter and a stroke 
of 24 inches, and the length of the connecting rod is 2*5 times 
the length of the stroke. The length of diagram E C repre- 
sents the stroke of the piston. Now draw the length of con- 
necting rod and path of crank pin to same scale, divide the 
crank pin circle into any number of parts, and draw the position 
of crank to correspond. Assume position 2 to be one of these, 
and with radius equal to length of connecting rod mark off posi- 
tion of piston on its path, as at 2'. Now if the distance 2' to 
D, which represents the pressure on the piston at the point 2', 
be marked off on horizontal line E F by drawing a vertical line 
from point G cutting the centre line of connecting rod at H, 
then G H will be the vertical pressure on the slide bar at 
position 2 of crank. In the same way the pressures may be 
found at any other position, and the results plotted to give^a 
diagram as at fig. 78. 

The maximum pressure at G H = 26 lbs. per square inch 
of piston area, and if the diameter of the piston is 18 inches 
= 254 square inches, this area x 26 = 6604 lbs. maximum 
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pressure on slide bars. Suppose the length of the piston is 
36 inches, then the total rubbing surface will be D x L = 18 

AAft/i 

x 36 = 648 square inches. Therefore --^ = 10-1 lbs. Jper 
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square inch pressure on slide bars due to thrust of connecting 
rod, inclined as in fig. 77. Obviously it is not necessary to 
use slide bars on engines having a well-proportioned piston. , 

Figs. 79 and 80 are diagrams from the same size of engine, 
having a connecting rod of three times the length of stroke', 
and show the diminution of pressure on slide bar as the 
length of the connecting rod is increased. 

Fig. 81 is a table of sizes taken from actual practice, and 
fig. 82 is a form of piston used by several makers. 



CHAPTEE VIII 

CONNECTING BODS . 

The connecting rods, subjected as they are to a compressive 
stress, are usually made of mild steel, and the distance between 
centres varies from 2*25 to 3 times the length of the stroke. 
The strength of any given rod may be found from the following 
formulae : 

r =Katio of length to diameter 
30 



W = - 



1 + 



1400 

Where W = breaking load in tons per square inch. 
Example 13 inches x 21 inches stroke engine, centres of 
connecting rod 63 inches, diameter at the middle of rod 3 
inches, giving a ratio of 21 to 1. * ' 

W = 30 ^ 30 1400 
J21 2 T X 1841 
1 + 1400 

= ' 23 tons per square inch of sectional area. 
The area of the diameter in the centre = 7 square inches, 
the breaking load for the rod will be 23 x 7 = 161 tons. 

A factor of safety of from 10 to 12 should be allowed. 

Fig. 83 is a type of connecting rod very largely used on all 
sizes of engines with satisfactory results. The large end of the 
rod proper is carried beyond its centre line, bored to receive a 
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half part of a brass bush, and machined so that the other part 
of the brass fits in such a manner that it forms in itself a cap 
containing the lubricator. Two bolts, which (as the thrust 
is taken up by the rod) may be of small diameter, hold this 
cap in position. The small end is fitted with a split bush, the 
adjustment being made by a geared screw on its extreme end, 
with the spindle of the pinion carried through to the front so 
that a box spanner may be used. The other form of small end 
cannot be commended, as it is impossible to tighten the brasses 
without disconnecting the rod. 

The type of connecting rod shown in fig. 84 is used only 
by Eobey & Co. Since the force of the explosion is delivered to 
the c*ank on the outward stroke only, the rod may be taken as 
one piece ; and as little or no stress is taken up by the outer 
brass, little strength is required in the strap, gib, and cotter. 
The cotter having a taper of 1 in 16, the very finest adjustments 
may be made. The small end is of the marine pattern, and easily 
tightened from the front. 

Lubricator for Large End of Connecting Bod 

The lubricator shown at fig. 84a is the pattern used on the 
large end of the above connecting rod, and the author, whilst 




Fig. 84a. — lubricator 



making some experiments, tested one of this form upon a crank 
pin 2*5 inches x 3 inches running 260 revolutions per minute. 
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The pin was kept cool throughout a continuous run of eleven 
hours, during which time only 1 cubic inch of oil was used, and 
the results showed that the general features, including the re- 
gulation of the supply, made this one of the very best forms for 
the purpose. 



CHAPTEE IX 

GOVERNORS 



Governors used on gas engines are mechanical combinations 
in which the centrifugal force developed is balanced and opposed 




Fig. 85.— richabdbon governor (robey & co.) 



GOVERNORS 



93 



by dead-weights, springs, or other resistance, and are mostly 
arranged to run at an average speed, determined by the condi- 
tions under which the engine is employed, with a margin of 
variation usually allowed in the design, generally ranging from 
2 per cent, for engines where great steadiness is a desideratum 




Fig. 86. — richardson govebnor (robey & co.) 



to 5 per cent, for ordinary purposes. Governors may be classi- 
fied as follows : 

1. The centrifugal form with (A) spring and (B) dead- weight 
resistance. 

2. The inertia governor in its various forms. 
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The best known of the spring form of governor is that 
used by Messrs. Eobey & Co., of the ' Eichardson ' type, which 
consists of a spring and revolving weights having great lifting 
and thrusting power, the sleeve being raised from the lowest 
to the highest position with a slight variation of speed. 

Figs. 85 and 86 are sectional end and transverse elevations 
of a governor suitable for a 24 b.h.p. engine, and clearly show 
its construction and action. The following formulae were used 
in its design, and as it would involve too much calculation to 
obtain strict accuracy, a margin of J per cent, is close enough 
for all practical purposes. 

It was assumed in making the following calculations that the 
governor arm was hanging vertically, and the short arm resting 
upon the pad, formed a right angle with it. 

In a well-designed governor disturbing action may be 
neglected, since its object should be to signal to a separate part 
of the engine to perform the work, such performance being 
carried out without interfering with the governing proper. 

Weight of governor head, two arms, balls, spring, and two pins = 7*25 lbs. 

Weight of two balls and arms = 3*25 lbs. 

Spring at rest = 2 J ins. long 

„ internal diameter = | inch 

„ external „ . . . ... . . . = 1J inch 

Number of coils, 10. B. W. G., 12. 
Proportion of arm leverage = 5 to 3. Revolutions of driving shaft = 90. 
Gear 48 to 13 
90^ 

39 / 2 ^ revolutions per minute, bottom position 

—j— I 332 „ „ mean position 

qq \ 36 ^ „ „ top position 

•"30 ^ 
Weight of one 2-inch ball = 1*1 lb. 

Position Radii Revolutions 

a -1666' = (£') 295 

b -1875' =(fY) 332 

c -20833' -(&') 369 

Centrifugal force formula. -00034 x weight x radii in ft. x revolutions.' 

Centrifugal force : — 

a -00034 x 2-2 x J x 292* = 10-849 

6 •00034x2-2x£x332 2 = 15458 

c -00034 x 2-2 x £ x 369 2 = 21218 
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Force acting on pad due to centrifugal force of balls - 



lbs. 



u_xxuow m 18 . 081? 



25-763 



Position Radii 

5 * 10*849 

3~ 

, 5 x 15-458 

6 — 3— 

5 x 21-218 
c _ 

Force acting on pad due to centrifugal force on pad - weight of governor head, 

balls, arms, springs, pins, &c.= required spring resistance. 

a 18-0817 - 7-25 = 10-8317 lbs. 

6 25-763 -7-25=18-513 „ 

c 35-363 -7-25 = 28-113 „ 



■ 35-363 



The Bobey Governing Gear 

In governing a large engine the conditions are somewhat 
different from those which obtain in small engines ; for though 




Fig. 87.— bobey governing geab 
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the ordinary gas roller works well on small and medium sizes — 
even when arranged for ' close ' governing — when applied to 
large ones it is a source of trouble, owing to the small amount of 
surface contact under heavy lifting pressure. In fig. 87, which 
is the governing arrangement used on a large-size Eobey engine, 
it will be seen that so long as the governor is in its mid-position, 
the gas valve is lifted by the lever A, the connecting levers 
from the governor being so designed that no disturbing action 
takes place ; but immediately the load is released, the striking 
pecker is pulled out of action and a cut-out effected. Graduated 
notches are, however, arranged on the end of the gas valve 
spindle when the engine is used for electric lighting. The 
lifting pecker, as well as the end of the gas valve spindle, is 
made of tool steel, case-hardened, and has very broad striking 
edges. 

If, through any cause, the normal speed of the engine be 
considerably increased, so that the governor assumes a posi- 
tion midway between its normal and the highest, the pecker is 
moved out of action to such a point that it acts as a strut, and 
holds the governor in that position until the engine stops. 
This feature enables a communication to be made by a wire 
with any part of the building or offices, so that in case of 
accident the engine may be readily brought to a standstill. 

Crossley's Centrifugal Governor 

Messrs. Crossley's dead-weight governor (as shown at fig. 
88) was introduced by them in the early days of gas engines, 
and has retained its form to this day. The sleeve is not in 
contact with the counterpoise until the engine has attained a 
certain speed, it is until that time an unloaded governor ; but 
for all practical purposes may be treated as a loaded one, and 
by varying the weight of the poise the speed of the engine may 
be altered. 

Crossley's Inertia Governor (Patented in 1881) 

Fig. 89 is an elevation and fig. 90 a plan of an inertia 
governor arranged on a vertical engine. 
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Fia. 88.— ckossley's centrifugal governor 



A is the vertical second motion shaft, and B the cam 
which operates the lever, which in this case is used for operating 
the gas and air valves, the air valve being worked by the pro- 

H 
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Fig. 90 



Figs. 89, 90.— crossley's inertia governor 
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longation E ; F is the gas valve spindle and G the striker, 
H is the fulcrum, I the pivoted centre on which the governor 
weight J vibrates, and K the regulating spring. The roller 
C is held hard against the cam B by means of the spring L, 
which is attached to the lever D at M, and the pin H by means 
of a washer N, which is held in position by a set screw. The 
lever D has under all conditions a constant travel ; therefore 
there is no variation in the lift of the air valve. Fig. 90 shows 
the striker in position for taking in a full charge of gas, and if 
the spring K is fully compressed the gas valve would then also 
be opened at every charging stroke ; but since the spring K is 
not fully compressed, and, when the engine is running above its 
normal speed, the ball J is left behind, the striker assumes such 
a position that it misses the gas valve F until the normal speed 
has been regained. 

As this governor works exceedingly well, it is difficult, con- 
sidering its simplicity, to see how it can be improved upon. 

Tangyes' Incline Governor (Patented in 1885) 

This is another form of inertia governor, and is shown as 
arranged for horizontal engines in elevation fig. 91 and end 
view fig. 92, the characteristic feature being that it can be : 
worked in almost any position. 

The second motion shaft A is provided with a cam B to 
actuate the lever C, having an incline attached carried by a 
swinging arm D, centred on a pin E fixed to any suitable part 
of the engine. This swinging arm has projections F and G, to 
which are attached the springs H J, the spring H serving to 
keep the roller K against the cam B, whilst the spring J is used 
for regulating the speed of the engine. 

When the engine is working at its normal, speed — i.e. the ' 
speed decided upon by the amount of tension put on' the spring 
J — the incline lever C rides up the roller S until the pecker L 
strikes the lever M, and opens the gas valve ; but if the speed 
of the engine increases beyond its proper rate, the lever will 
ride up the roller at -a greater velocity, and its inertia carries 
the pecker over the top of the lever M and effects a cut-out. 

H 2 
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The lever M is brought back to its normal position by the 
spring P, and as the gas lever is fitted with its own recoiling- 
spring, they always follow the return of the striking lever. 

To ensure this governor working satisfactorily it is absolutely 
necessary that the worm wheels driving the side shaft shall be 
machine-cut, with practically no ' back lash.' 

' Stockport ' Vibrating Governor 

A very neat form of vibrating governor is made by Messrs. 
Andrew & Co. Fig. 93 is an external end elevation partly 
in section, fig. 94 a plan, and fig. 95 a view showing the weight 
and connection to the lever. 

The action is as follows : — A weight A, riding on a spring C, 
is moved by a vibrating lever B, and so long as the engine 
runs at a certain speed the weight keeps in position a small 
pecker G, and the gas enters the combustion chamber; but 
on the work being thrown off, or a variation of speed taking 
place above the normal, the weight immediately takes up a dif- 
ferent position, moving with it the pecker, and the gas is cut 
off. The speed of the engine can be readily adjusted by the nuts 
E E'. A simple method of taking up the wear of the pecker is 
by the set screw D, the pecker being raised in the slot on the 
lever B. 

The action of this governor does not necessarily depend on 
inertia. The weight takes up a different position on the speed 
increasing because the spring has more work to do — that is 
to say, it has to lift the weight in a shorter space of time. 
This it fails to do, and therefore the weight compresses the 
spring, and in doing so operates on the bell crank lever, and the 
cut-out takes place. 

Another form of governor made by this firm is of the centri- 
fugal type, worked by spur gearing off the cross shaft, and through 
a lever made to act on a bell crank in communication with the 
gas valve. 
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Fig. 94 
Figs. 93, 94, 95.— stockport vibrating governor 



Electric Governor 

In 1883 Professor Thompson made a series of tests with a 
governor designed by Mr. John Richardson, M.I.C.E., of the firm 
of Eobey & Co., and used on steam engines for electric lighting, 
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wherein the regulating power was obtained from the electric 
current itself. 

An application of this principle to a gas engine is shown at 
figs. 96 and 97, which consists of a pair of solenoids A, with 
laminated iron cores B, having a connecting stud C, crank lever 
D and rod E, directly attached to the pecker F, which is actuated 
by a cam G and lever H. The solenoids being wound to regu- 
late a current of varying quantity are connected as a shunt from 
the main current, the power required being about 120 watts. 

The engine is started in the usual way, the speed and 
current increasing until the solenoids are converted into a 
powerful electro-magnet, the iron cores being magnetically 
drawn or sucked within the coils, and there held in suspen- 
sion. Should the normal voltage be exceeded, the cores rise 
slightly and draw the pecker away from the gas valve J, and 
the engine receiving no impulse, and decreasing in speed, the 
cores fall until the pecker is brought into action again. 
Should the driving belt break or fly off the pulley, or the 
main circuit be broken, the safety electro-magnet K releases 
the roller L, and the cores drop to their lowest point, and, bring- 
ing the pecker out of action, the engine is brought to a stand- 
still. 

This is a very delicate form of governor, as the slightest 
change in current causes an instantaneous adjustment of the 
gas inlet. 

It is not an unusual practice even now to find gas engines 
which are used. for driving dynamos with the governor out of 
action, and the gas cock regulated to suit the load. This has 
been rightly described as a ' one-man automatic regulator — i.e. a 
man sitting with his hand on the gas cock handle and his eye 
on the voltmeter.' 

CHAPTEE X 

CKANK SHAFT BEARINGS 

The crank shaft bearings form such an important part of an 
engine that they require special care both in design and con- 
struction. 
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The general practice is to use the simple form having a two- 
part brass, adjusted by a cap and bolts ; the division line of 
brass in this type is usually at an angle of 45° to the centre line 
in horizontal engines. The practice of manufacturers differs as 
to the position of the cap to resist the explosion ; in some cases 
it is thrown upon the cap and bolts as in fig. 11, where the 
cylinder is placed to the right hand of the bearing. The method 
generally followed, however, is to place the cylinder to the left 
hand, as in fig. 5, this being the preferable position, compara- 
tively little strain being thrown on the cap, as the force of ex- 
plosion is taken directly by the main bed casting. The bottom 
brass has a toggle N, fitted in a recess of the main casting, to 
prevent the brasses revolving with the shaft. In this form of 
bearing the brasses should be bored 0*05 per cent, larger than 
the diameter of the shaft, to prevent them closing in and pinch- 
ing the shaft should they become warm. 

The table of sizes in figs. 98 and 99 are from actual practice, 
and may be taken as typical sizes used by leading makers in 
this form of brasses. In vertical engines the division line is 
usually placed horizontally, the strain of the explosion being 
taken up by the cap if the cylinder is below the crank shaft, and 
by the bed if the cylinder is above. This makes a very efficient 
bearing and gives uninterrupted bearing surface. In some 
designs of beds, especially for the larger size of horizontal 
engines, the bearing shown in fig. 98 is unsuitable, and as it is 
not permissible for the division line of brasses to be on the hori- 
zontal centre line of the engine, it becomes necessary to use 
brasses in four parts, as shown in figs. 100 and 101, which are 
taken from a large size Eobey engine, as they are adjustable 
both vertically and horizontally ; the vertical adjustment being 
effected by the cap and bolts, and the horizontal adjustment by 
means of wedges drawn up by nuts coming through the cap. 
These wedges are only placed on the side nearest the cylinder, 
so that there is no strain on them from the force of the explo- 
sion. In this type of bearing the steps are of cast iron lined 
with Babbitt metal, which gives excellent results. The flanges 
of the two side steps are made with projecting lips to butt 
against the flanges of the top and bottom steps, by which means 
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they form one rigid bearing, and prevent adjustment until they 
have been eased the required amount, making it impossible to 
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throw the bearing out of line. The gap for the bearing is bridged 
by a massive cap provided with lugs at each end, fitting tightly 
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on the bed casting, and effectually tying the bed together at 
this point. In bearings having four-part brasses, 0*08 per cent, 
larger than the shaft is necessary. 

A good practice in determining the size of crank shaft bear- 
ings is to allow a maximum pressure of 400 lbs. per square inch 
of rubbing surface. Assuming that the maximum pressure of 
the explosion is transmitted direct to the crank pin. 

.-. ~^-t_ = Pressure per square inch of rubbing surface. 

DxL 

Where D =. diameter of shaft in inches ; L = length of bear- 
ing in inches ; P = maximum pressure of explosion ; A area 
of cylinder ; the rubbing surface being taken as approximately 
one-third of the circumference — i.e. diameter x length. 

Owing to the effect of the inertia of moving parts (as shown 
in fig. 61), the maximum pressure per square inch on piston 
does not reach the main bearings. Then the above formulae 
may be used, and the allowable maximum pressure will be 
180 lbs. per square inch of rubbing surface. 

Some makers prefer to speak of the pressure on bearings 
based on the average pressure per square inch on piston, but 
as already explained this is not to be commended. 

The Lubrication of Bea rings 

The lubrication of main bearings is of great importance, and 
efficient means should always be provided for the distribution 
of the oil, or solid lubricant if such is used instead of oil. 

A very common method is shown at fig. 98, a piece of wick 
being the means, by capillary attraction, of feeding the oil ; 
although this is somewhat wasteful, practice has proved it to 
be very reliable. There are many compounds of greases, sold 
in a semi-liquid and solid form, suitable for main bearings ; but 
these have to be used with great care, as the extra width of oil 
grooves necessary for their use reduces the bearing surface of 
the brasses, and in addition to which, the varying temperatures 
of the engine-room and the susceptibility of the greases to 
liquefy by heat and run through, cause many heated bearings. 

These solid lubricants should never be used for crank necks 
or moving parts. 
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CHAPTEE XI 
WOBM GEARING FOR SIDE SHAFT 

The type of gearing used by all the gas engine makers to 
transmit the power at right angles to the side shaft is a form 
of worm and worm wheel, geared as 2 is to 1, the friction of 
which must of necessity be more than that of bevel or spur 
gearing, but can be reduced to a minimum by the use of well- 
lubricated machine-cut gear. 

Both the driving and driven wheels are part of multi- 
threaded screws, the cross section of the teeth being the s&me, 




Fig. 102 

but the angle of the threads on the driver being twice that of 
those on the driven wheel, and double the number of teeth or 
sections of thread on the same size of wheel. If fig. 102 be 
taken as an eight-threaded screw, with P as the pitch and D as 
the diameter, the section C would form a worm wheel of eight 
teeth. In each wheel there are four distinct pitches : 

P = the pitch of the helix ; 

p = the circumferential pitch, measured from centre to 
centre of threads around the circumference ; 

p l = the normal pitch, measured at right angles with the 
direction of the threads ; 

p 1 =the axial pitch. 

In all worm and worm wheels the normal pitch (p 1 ) must 
be the same in both wheels, and it is upon this pitch that the 
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wheel teeth are designed, and to which templates should be 
made for working, the other pitches varying in the two wheels. 
The worm and worm wheels shown in figs. 103 and 104 
were designed for a 13-inch x 21-inch engine, the diameter of 
both wheels at the pitch circle being 9 inches — i.e. the centres of 
the crank shaft and side shaft were 9 inches apart. There are 




Fig. 103 



Figs. 103, 104 



sixteen teeth in the worm and double that number (thirty-two) 
in the worm wheel. The pitch of the screw thread in the worm 
equals half the circumference of the pitch circle = 9 inches 

0Q.07 

diameter x 3*1416 = — - = 14*13 pitch of screw thread. If 
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we mark off the pitch of the thread on a horizontal line A B 
(fig. 105), and on a line perpendicular to A B mark off AC 
equal to the circumference of pitch circle, and join B C, the 
angle this line makes with A B gives the angle of thread, 
which is approximately 63°. 

i 

_ jr. 

Fig. 105 





Fig. 106 



In the case of the worm wheel the pitch of the screw thread 

equals double the circumference of the pitch circle = 9 inches 

diameter x 3-1416 = 28*27 x 2 = 56*54 inches pitch of screw 

C 




thread, and drawing this out as in fig. 107, and the angle the line 
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B C makes with A B gives the angle of thread, which is ap- 
proximately 27°, the angle of thread in the worm plus the 
angle of thread in wheel equal a right angle. 

This rule for finding the angle of thread is applicable to any 
pair of worm and wheel of equal diameter, and geared 2 to 1. 

Dividing the circumferences into their respective numbers 
of teeth, as in figs. 106 and 108, making D E equal the width 
of wheels = 2J inches, and drawing the centre line of teeth 
parallel to their respective angles, the normal pitch p r — in this 
case ff inches, can be measured off, and it will be found the same 




Fig. 109 

in both wheels. From this normal pitch the height of tooth 
above pitch line (which gives the outside diameter of the wheels) 
and the depth of tooth below the pitch line and the width of 
tooth at the pitch line are obtained from fig. 109. As in the case 
of ordinary spur gears, the contour of the tooth can be struck out 
either cycloidal or involute, the latter being preferable, as it is 
not only an easier curve to construct, but works well in practice. 

Fig. 110 shows the construction of the involute curve. 

Draw a line at 75° with the centre line of the wheels at the 

point of contact with the pitch circles, and a circle A B, drawn 

• tangentially to this line will be the describing circle, upon which 
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set off the distances ab,bc,cd,de from a, the edge of the tooth, 
and draw tangents to same ; then set off the distance b b' equal 
to the arc b a, the distance c c f equal to the arc c a, the distance 
d d r equal to the arc d a, &c, and the curve drawn through these 
points will be the involute required. Having set off the pitch, 
height, depth, and width of teeth, as per figs. 109 and 110, 
and drawn the flanks by the involute obtained, the root from / 
to g may be a straight line parallel to the centre of the tooth, 
with a rounded corner. 




Fig. 110 

The angle of a screw varies according to the distance away 
from the centre or axis of screw, notwithstanding that the pitch 
of screw is constant. This will be seen from figs. Ill and 112, 
where the angle of thread is given at three distances from axis 
— viz. the diameter at root, the pitch circle, and the diameter 
at point of teeth. 

The letters and numbers in figs. Ill and 112 correspond. 
A B being the axis of screw, P the pitch, D C the height of 
tooth above pitch line of wheels, and D E the depth of tooth 
below, divide the circumferences of the transverse section F, 
also the pitch of screw P, into the same number of equal parts — 
1, 2, 3, &c. — and draw lines through the points of intersection, 
as shown at 1', 2', 3' &c. This will give the twist of screw 

I 
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thread C on the cylinder. The same construction is followed 
out for the twist of thread at pitch circle D and at root of teeth E. 
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Figs. 113, 114 

Knowing the angle of the curve D, all that is now necessary 
is to find the angle of thread on outside diameter C. For the 
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worm setoff the pitch of thread (14*13) on a horizontal line AB 
(fig. 113), and on a perpendicular to A B set off A C equal to the 
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circumference of the outside diameter of worm over the points 
of teeth or threads ; join B C, and the angle this line makes with 
A B equals the angle of thread in worm. 

Fig. 116 shows the same construction applied to the wheel. 

We now construct figs. 114 and 115, setting offDE equal to 
A C, and D F equal to width of worm and wheel (in this case 2£ 
inches), and having divided D E into the number of teeth in worm 
and wheel respectively, draw the centre lines of teeth parallel 
to B C. If we mark off half the width of teeth at points x y 
(fig. 110) on each side of these centre lines, and fasten these two 




Fig. 117 



Pig. 118 



strips on the outside of the wheel blocks (as in fig. 118), they 
will represent the true angles of the points of teeth for the 
worm and wheel. By making a template of the spaces between 
the wheel teeth (see fig. 117) we can by its aid cut out by hand 
the teeth spaces, holding the template in the position of normal 
pitch. After having worked two teeth to template, it is advis- 
able to mark out the profile of teeth on the two faces of blocks,, 
which must be taken from the actual teeth, as owing to the 
angle of teeth their profiles on faces of wheels are not sym- 
metrical. 

In machine-cut wheels it is only necessary to make the 
cutter to the shape ofrthe tooth spaces (see fig. 117). 
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CHAPTEE XII 

VALVES 

With very few exceptions, all the makers of gas engines adhere 
strictly to the mushroom type of valve, experience having proved 
that this form embodies the most advantages, as it works ex- 
ceedingly well and admits of inexperienced men grinding them 
when necessary to their seats with an ordinary joiner's brace 
and flour of emery. 

The author has known an engine in constant work in which 
the exhaust valve was not re-ground in until it had worked for 
sixteen months, and the air valve was not taken out within the 
first two years ; this practice is not to be commended, but is 
only quoted to show how long an engine working free from dust 
will run without attention, so far as the valves are concerned. 

The length of time to which an engine should be allowed to 
run before the air and exhaust valves are cleaned and ground 
in depends altogether on the quality of the gas and the oil used. 
Where both are good and the engine-room free from dust, the 
air valve should be taken out once in three months, and the 
•exhaust valve once a month. 

Fig. 119 is a type of exhaust valve very largely used. 

The method of lifting the valve by means of a pivot does 
not permit the versed sine of the lifting lever being taken up 
without throwing some strain on the valve spindle ; and as 
the arrangement prevents the valve from turning on its seat, 
making it difficult to keep it tight, this principle should be 
■either well designed or not used. 

Fig. 120 is another type of valve and lifting arrangement 
both for air and exhaust valves. When used as an exhaust 
valve great difficulty is experienced from the spring becoming 
heated and losing its elasticity, although the valve is permitted 
to turn on its seat. The position for lifting when the valve is 
under the greatest pressure tends to strain the valve spindle. 
The method of adjustment in case of wear is very simple. 

Fig. 121 shows a method of lifting the valve by means of a 
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spool and central spring attachment. Owing to the small amount 
of lifting lever surface contact, very little strain is thrown on 
the valve spindle. As the opposite end of the lever is always 
heavier, the end on the spool-lifting lever need not bear on the 
bottom of the spool. The adjustment for wear is made by a 
fine ihread and four flats on the spindle, so that very fine 
adjustments can be made. 

In fig. 122 a distinct departure is made both in the con- 
struction of the valve and the lifting arrangement, and was in- 
troduced by the author in 1892. 

It is well known that where a large engine is working at 
full power great difficulty is experienced from the exhaust 
valve fusing. To overcome this the head is made of ' cylinder 
liner ' metal and attached to a steel spindle, the valve seat 
being also made of the same metal as the head. It is not good 
practice to arrange the exhaust valve in a loose box, especially 
on large engines. There is not only the difficulty of taking the 
box out, but there is a great tendency for the box to become 
distorted,* owing to the comparatively large hole which must be 
in the box for the exhaust gases to escape in proportion to the 
sectional area of the box. To mitigate this a rib is placed in 
the centre of the opening. 

The lower seat (as shown in fig. 122) admits of the water 
space being brought well up to the casing, and is at once a good 
mechanical job. The method of lifting is arranged so that in 
all positions of the lift the lifting die is at right-angles to the 
valve spindle. The valve spindle guide is loose, the joint on the 
under-side of the combustion chamber being a metallic one. 
Eenewal of the guide or bushing is by this method con- 
siderably cheapened. This arrangement has been used with 
marked success by Messrs. Robey & Co. on their larger engines. 

The pressure on the head of an exhaust valve in large 
engines amounts to about two tons, and the strain thrown on 
the worm gear and lifting mechanism is very great. To over- 
come this two exhaust valves have been used, one valve having 
twice the area of the other, the smaller valve being arranged 
with a ' lead ' of the larger one. 

An equilibrium exhaust valve arranged with one-half the 
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usual lift, and which would have the pressure equal to the dif- 
ference between the two areas, is practical, and will, no doubt, 
be used on very large engines in the future. 

Although valves working in a vertical position give good 
results, great difficulty is found in lubricating the spindle ; and 
owing to the high temperature, and the amount of moisture 
contained in them, a leakage past the spindle into the engine- 
room is not unusual after twelve months' hard work. To over- 
come this one maker has arranged a hole in a spindle guide, 
leading to the air pipe, to allow the escaping exhaust to mingle 
with the incoming air. 

Another means of overcoming this unpleasant leakage is to 
arrange a bowl on the valve spindle, surrounding the top part 
of the guide, which very effectually prevents the exhaust rushing 
down the spindle guide. 

The diameter of the air and exhaust valves vary considerably 
with most makers ; some on small and medium sized engines use 
the same diameter for air as the exhaust, whilst others prefer 
the air valve larger than the exhaust. A common and good 
practice is to arrange the air valve for 100 and the exhaust for 
80 feet per second. 

CHAPTEE XIII 

GAS VALVE AND COCK 

The size of the gas inlet varies from 450 to 650 feet per second 
through the valve. There being no fixed rule for the diameter 
of the gas supply, the difficulty usually experienced is to get 
sufficient in ; the same size is often used for three or four sizes 
of engines, the difference being made in the lift given to the 
valve and the size and number of holes in the air valve box. 

A very neat form of gas cock and valve is shown at fig. 123. 
The plug is held in its place by three screws, two of them being 
used for determining the position of handle to ' open ' and 
' shut.' The gas valve can be readily taken out. 

A good rule for the taper of the plug is to allow a taper of 
1 inch in 8. 



GAS VALVE AND COCK 



121 







122 THE 'OTTO' CYCLE GAS ENGINE 

CHAPTEE XIV 

STARTERS 

Since Brayton used compressed air stored in a reservoir for 
starting purposes, which then, as now, was found unreliable 
owing to the difficulty of keeping up the pressure, the possibility 
of leakage, and also the reservoir being emptied before the 
engine was started, great strides have been made in the method 
of starting, and the development has gone on lines which may 
be classified as follows : 

1. Pressure starter with a hand pump. 

2. Low-pressure multiple impulse self-starter. 

3. Low-pressure single impulse self-starter. 

4. Low-pressure double acting. 

5. High-pressure single impulse self-starter. 

6. High-pressure single impulse with previous compression 
of air. 

7. Steam from producer plant boiler. 

Wells Brothers' Starter 

The first application of the modern method of starter was 
introduced by Messrs Hamilton and Eollason, of the firm of 
Wells Brothers, in 1889. Fig. 124 is a part sectional eleva- 
tion, fig. 125 end view, and fig. 126 a starting diagram. 

At the extreme end of the combustion chamber is fixed a 
hand pump A fitted with a suction and delivery valve, the 
inlet of gas and air being through a three-way cock. 

The action is as follows : The crank is placed on the 
firing stroke, and the timing valve kept closed by means 
of a catch. The combustion chamber being already filled 
with air, a proper charge of gas is pumped in, the three- 
way cock is then turned so as to admit air to the pump, 
which is then forced into the cylinder. The catch is released, 
and the charge ignites by means of n the ordinary ignition 
tube. 
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In fig. 126 the starting is shown at 1, and the following 
ignitions (2, 3, and 4) take place in the same manner as when 




Fig. 126.— starting diagrams— wells brothers 

the engine is working, but as the compression is relieved the 
impulses are small. In practice this starter works well, and is 
exceedingly simple. 



Lanchester Starter 

A starter which has during the last few years made head- 
way was introduced by Mr. Lanchester in 1890, some 600 of 
which are now at work. 

Fig. 127 (No. 2) is a transverse section of a combustion 
chamber of an 11 x 18 inch stroke Eobey engine fitted with 
a Lanchester self-starter. Fig. 128 is a facsimile of diagram 
taken from this engine. 

A nozzle (1) opens to the explosion chamber of the engine, 
and connects it to a gas supply pipe by a valve (2). A cock (3) 
contains within it a valve (4) in the cylindrical space above the 
plug (5). The valve (4) rests upon the lower seat and has 
grooves or channels in it, so that while on the lower seat free 
communication is open between the compression space and the 
atmosphere. A pilot light (6) is lit when it is desired to start 
the engine, the crank is set over the centre and a little on the 
forward stroke (see fig. 128), and the gas valve (2) is opened by 
pressing the button (7). Gas then flows into the space as indi- 
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Fig. 127.— lanchester multiple impulse self-starter 
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cated by the arrows, and mixes with the air which was drawn 
in by the piston previous to stopping. Part of the air is dis- 
placed through the nozzle (8). At first air only passes out in 
this manner, but after a few seconds a mixture of gas and air 
is discharged; this mixture lights at the pilot light (6), and 
burns in the atmosphere more vigorously as the mixture becomes 
richer. Whenever it is rich enough in gas, which can be readily 
seen by the colour of the flame or by the characteristic roar 
made by it, the button (7) is released and the gas inlet shut off, 
and the cessation of flow allows the flame to strike back through 
the nozzle (8) into the compression space, and gives the starting 
impulse. 




Fig. 128. — stabting diagram — lanchesteb 



On the return stroke the products of combustion are expelled, 
on the next forward stroke a charge of gas is drawn in, and on 
the return stroke (compression stroke) the exhaust valve is held 
open almost the whole length of the stroke so that sufficient 
compression is attained to force the remaining charge up 
through valve (8), lighted by pilot light (6), and before the 
piston has moved appreciably on its next forward stroke another 
impulse is given. This is repeated every other revolution until 
sufficient speed has been attained to start against full com- 
pression. In this engine about seven explosions are sufficient. 
With some sizes one impulse is sufficient to start with the 
ordinary relieving cam. 

One great advantage this starter has is the small amount 
of shock with starting and successive impulses, for it should 
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be borne in mind the danger attending a violent impulse when 
the engine is in a state of rest. 

This gear is simplicity itself. It is only a question of 
pressing a button and the engine does the rest. 

'Stockport' Starter 

The distinguishing feature of the ' Stockport ' self-starter is 
the automatic firing of the charge in the cylinder as soon as a 
combustible mixture has been reached. 

Fig. 129 (No. 3) is an end elevation of an engine showing 
the gas connections from the i*iain gas valve box to the inlet 
on the top of the exhaust valve. 




Fig. 130.— ' stockport ' single-impulse self-starter 



Fig. 130 is a section of the timing valve box and special 
relief valve for starter. Fig. 131 shows the necessary position 
of the crank when starting. Fig. 132 is a diagram of a self- 
starter and also a diagram from tube ignition, with relieving cam 
in action, of an engine having a cylinder 18 x 24 inches stroke. 
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The action is as follows. When the engine is on the im- 
pulse stroke, the ignition valve F is full open, and all the other 
valves closed. The roller on the exhaust lever is put in the 
position to gear with the relief cam, the gas supply is turned on 
slightly, so as to fill the gas bag, the escape valve A is opened 
by placing the small lever B in the notches marked ' To 
start/ the valve C is opened, and the gas coming in under 
pressure drives out a portion of the air inside the combustion 
chamber. The only aperture by which the air can escape is 
in the direction of the arrows by passing the timing valve, and 
then up the central ignition tube and down the space between 
inner and outer tubes — which is heated to incandescence — and 




Fig. 132 starting diagram— ' stockport ' 

through the valve A to the atmosphere. In one minute this 
gas is in sufficient quantity to form an ignitible mixture ; the 
velocity is such that the charge is fired by the ignition tube. 

After the engine has made about six explosions (see fig. 132) 
the valves A', B, and C must be closed, the gas cock on the gas 
bag opened full, the exhaust roller on the exhaust lever be 
moved so that it comes into gear with the main exhaust cam, 
and the engine will be in full working order. 

This starter is simple and effective. 



Norris's Starter 

Fig. 133 (No. 4) is a facsimile of a diagram taken from an 
18 b.h.p. Bobey engine fitted with the author's ' impulse every 
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revolution starter ' in 1891. In this arrangement a double set 
of cams are necessary so that the engine has an impulse every 
revolution, until sufficient speed has been attained to fire with 
it from the tube ; a pilot light is arranged at the back in close 
proximity to a small touch-hole. 
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Fig. 133.— starting diagram — norris 

To start the engine the pilot light is lit, the touch-hole 
opened, the flywheel moved by hand or lever, and gas and air 
is drawn in for about one-third of the stroke, the flame is drawn 
into the cylinder through the touch-hole, and an impulse is given ; 
on the return stroke the products of combustion are expelled. 
The next forward stroke gas and air is drawn in and another 
impulse given which is continued until sufficient velocity has 
been attained to start in the ordinary way. It makes little 
or no difference if the touch-hole is closed with a spindle or 
not. The amount of explosion escaping is practically nil. 

The complication necessary in using this method prohibits 
its use. 

Clerk-Lanchester High-pressure Starter 

In 1891 Mr. Dugald Clerk invented a high-pressure starter, 
and used the Lanchester igniter in conjunction with it. 

Fig. 134 (No. 5) is a sectional elevation of the starter, 
showing its connection to the combustion chamber of a Eobey 
engine having a cylinder 14 x 21 inches stroke. 

Fig. 135 is a diagram taken from this engine, showing a 
maximum pressure of 200 lbs. above the atmosphere, and an 
average pressure of 38*3 lbs. per square inch. 

To start the engine the check valve A is released and the crank 
is placed slightly on the firing stroke (say 1^ inch), the pilot 
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light B for the Lanchester igniter is lighted, and the gas cock C 
opened, the gas mingles with the air in the cylindrical chamber 
D and combustion chamber E, and flows out through the valve 
F, and as soon as an explosive mixture is formed, which is in 
about fifteen seconds, the roaring of the burning mixture at G 
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indicates that the charge in the cylinder is of the right mixture. 
The gas cock C is shut off, and the flame shoots back and closes 
the small valve F. The flame so produced under atmospheric 
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pressure fills the chamber D, and forces the gas past the check 
valve A into the combustion chamber, and compresses the 
charge to 30 lbs. per square inch, and then explodes. The mix- 
ture is therefore compressed into the combustion chamber by a 
preliminary explosion. To prevent the starting impulse burst- 
ing the ignition tube — when worn, or when using a porcelain 
tube — the igniter is thrown out of gear until the engine has 
received the full force of the starting inpulse. 
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Fig. 135.— starting diagram — clerk-lanchester 

It is possible to vary the force of the starting impulse by ar- 
ranging the length of the connected pipe, so that a less violent 
explosion may be obtained. It is also possible to time the 
colour of the mixture issuing from G, so that the preliminary 
impulse puts the engine into motion previous to the main 
impulse being given. When the check valve A is left closed 
through carelessness, the greatest possible pressure obtainable 
is only 30 lbs. per square inch. 

The gas required for starting impulse = 700 cubic inches 
Capacity of the starter = 2,732 „ 

Capacity of the combustion chamber = 1,628 „ „ 

This starter is now the exclusive right of Messrs. Crossley 
Brothers, and is used with a long horizontal pipe, and hand 
pump to charge, the starting impulse being less powerful than 
the above. 

Fielding's Starter 

Fig. 136 (No. 6) is a sectional elevation of a 100 i.h.p. 
Fielding engine, fitted with starting gear, but without the air 
chamber, which may be fixed in any convenient position. 
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Fig. 137 is a facsimile of a starting diagram taken from 
a 12 h.p. nom. Fielding engine. Fig. 138 is an external end 
elevation showing the air reservoir A fitted with a hand pump, 




Fig. 136. — 100 i.h.p. fielding engine, showing starting gear 

which is used for charging the reservoir with air at 60 lbs. per 
square inch when starting the engine for the first time. 

In this method of starting compressed air is stored in a 
reservoir, by the action of the engine, at about 60 lbs. per square 
inch, the crank is placed at an angle of 15°, one of the valves 
is opened by a lever, the gas being admitted much in the same 




Fig. 137.— starting diagram from 12 h.p. nom. fielding engine 
Scale, 150 lbs. per square inch. Average pressure, 99*5 lbs. per square inch 

manner as in the Lanchester starter ; on entering, the gas is 
directed downwards so as to drive out the air, which escapes by 
the igniting port, a light is applied at the end, and the presence 
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of a flame issuing from the pipe shows that the cylinder is fully 
charged with gas — but not with an explosive mixture. 

The compressed air is, by the reversal of a handle, then in- 




troduced into the cylinder, where it mingles with the gas, form- 
ing an explosive mixture under a pressure of 50 or 60 lbs. 
per square inch, and is automatically ignited by the ordinary 
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Bunsen heated tube at the moment a suitable mixture is 
formed. The impulse is indicated by the diagram, fig. 137. 

By this method a very powerful impulse is obtained, some- 
thing like 300 lbs. above atmosphere, and with an average 
pressure of about 100 lbs. per square inch. 

It is very questionable if the advantage gained by so power- 
ful an impulse is good practice. The fact that the engine is at 
rest and the inertia of the moving parts being considerable, 
shows very clearly that a considerable strain must necessarily 
be thrown suddenly on the whole of the moving parts, tending 
in no small degree to damage the bearings and interfere with 
the keys in the flywheels. 

The makers guarantee this starter to be efficient against 
two-thirds of the full load. 

With a lower air pressure, and having the driving belt on a 
loose pulley and depending upon a number of low compression 
impulses with the ordinary relieving cam in action, the shock 
would be reduced to a very large extent. 

Tangyes' Starter 

The starter used by Messrs. Tangyes on their engine is of 
the pressure type ; a hand pump is attached to the combustion 
chamber. The crank is placed at an angle of 30° over the dead 
centre and held there by means of a catch. The ignition valve 
is closed by inserting a wedge between the lever and the ignit- 
ing valve spindle ; thirty or- forty charges of gas and air are 
pumped into the combustion chamber, according to the size 
of the engine, and a pressure of about 10 lbs. attained. The 
ignition valve is then opened and the compressed charge rushes 
up the ignition tube and is fired ; if the charge is correct the 
pressure forces the catch out of position, and a start is effected. 
The following impulses are obtained with the ordinary timing 
valve and relieving cam in action. 

This system only holds good when there is no leakage past 
the piston or the valves. In starting large engines, or where 
it is required to start several engines at once, Messrs. Tangyes 
now use a mild steel reservoir, into which the explosive charge 
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is pumped to a pressure of 80 lbs. and from which the cylinders 
are charged. 

Dowson's Starter No. 7 

When Dowson gas is used, the steam generated in the small 
boiler used in the manufacture of his gas is utilised for starting 
the engine. Usually the steam pressure is about 60 lbs. per 
square inch. To start the engine, the crank is placed over the dead 
centre on the firing stroke, and steam is admitted until the 
piston has nearly reached the end of the out-stroke. Where 
a number of impulses is necessary a special cam is arranged to 
admit steam for several alternate revolutions. 



CHAPTEE XV 

THE BUNSEN BURNER 

Fig. 139 is a part sectional elevation, showing a neat form 
of Bunsen burner used for heating the ignition tube by Messrs. 
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Fig. 139.- bunsen burner— cro.ssley's 



Crossley Brothers and other makers of gas engines. The gas 
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issues from a small jet at the base of the gas supply, and mixes 
with air which is drawn in through three openings in the tube ; it 
then burns at the end of the tube with a non-luminous flame. 
The existence of this flame in its ordinary condition depends 
upon two main causes ; first, upon the fact that in the imme- 
diate neighbourhood of a jet of gas issuing from a small orifice 
there is a reduction of pressure ; and, second, upon the relation 
between the velocity at which the gases pass up the tube and 
the rate of propagation of combustion in the mixture of air and 
coal gas downwards. Upon the first of these causes depends 
the entrance of air into the ' air-holes ' of the tube, and upon 
the second depends the continuance of the flame in its position 
upon the end of the tube. The consumption of gas equals 
3£ to 4 cubic feet per hour. The method of adjusting the gas 
supply is simple and effective. 

Temperature in Different Parts of a Bunsen Flame (Gas Consumption 
6 Cubic Feet per Hour) 

Professor Vivian B. Lewes 



With Blue 
Inner Cone 



With Greenish 
Inner Cone 



Fahr. Cent. ! Fahr. Cent. 

Tip of inner cone 1,994° = 1,090° • 2,867° = 1,575° 

Centre of outer cone 2,791° = 1,533° 2,966° = 1,630° 

Tip of outer cone 2,147° = 1,175° 2,813° = 1,545° 

Side of outer cone level with tip of inner cone . 2,431° = 1,333° 2,752° = 1,511° 

Proportion of mixture 1 volume of gas to . . 2-27 air , , 3*87 air 



CHAPTEE XVI 

AUTOMATIC TUBE IGNITION 

The method of firing the charge in the combustion chamber 
by means of an incandescent tube is now common to all makes 
of gas engines, the slide with its open flame having been 
abandoned. The compression gas engine by Mr. James 
Atkinson in 1879 was the first to work with a hot tube ignition 
practically the same as that used at the present day. An igniting 
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tube of wrought iron or ordinary gas pipe, open at its lower end 
to a hole drilled through the cylinder wall, was used in his Dif- 
ferential engine exhibited at the Inventions Exhibition in 1885. 
Early in 1881 Mr. William Watson patented various methods of 
igniting gases by applying heat externally to some part of the 
vessel, chamber, or tube in which the gases to be exploded are 
contained ; in fact, the timing valve and bulb as we now have it is 
only a slight modification of Watson's method, Yet it was not 
until 1888 that the makers of the ' Otto \ engine finally decided 
to substitute the tube ignition for the open flame and slide, and 
it is a disputed point even now amongst the best authorities on 
the gas engine whether the tube should be used with its opening 
always free to the combustion chamber, or whether a timing 
valve should be used, closing the opening during a certain por- 
tion of the stroke. The author holds the opinion very strongly 
that this valve neither conduces to economy nor power, but 
would point out that automatic tube ignition needs good govern- 
ing arrangements, as it detects any defects in the governor 
very quickly, and a timing valve may hide any defects in this 
direction. 



The Bobey Automatic Tube Igniter 

Fig. 140 is a sectional elevation, and fig. 141 an end view of 
an angular automatic tube igniter. A is the combustion chamber, 
B the igniter passage, C the Bunsen burner. The advantage 
gained by this arrangement is that the flame naturally sur- 
rounds the tube. The igniter passage is shortened, and ignition 
can be timed without disconnecting any part, by simply turning 
the Bunsen burner on the pivot D. 



The Fielding Automatic Tube Igniter 

Fig. 142 is a sectional elevation of a vertical automatic tube 
igniter introduced by Mr. J. Fielding in 1890. 

The special feature in this arrangement is that the Bunsen 
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burner used is arranged so that the mixture of gas and air issues 
laterally towards the centre from an annular groove surround- 
ing the tube, thus impinging directly upon it. Air is supplied 
in suitable proportions below and above the flame to ensure 




Fig. 142 automatic tube igniter— fielding 

perfect combustion ; the usual chimney lined with non-conducting 
material is provided above the burner, which is arranged so 
that falling flakes or scale from the tube may drop clear with- 
out danger of clogging up the gas or air passages. 



CHAPTEE XVII 

IGNITION TUBES 

The life of an ignition tube depends upon the material it is 
made of, but varies greatly according to the usage it receives. 
This life is shortened by intense heating, with sudden changes 
in pressure and temperature produced by the inrush of compara- 
tively cool gases, whereas gradual changes tend to longevity. 
It is found that wrought-iron tubes deteriorate rapidly owing to 
high pressure within the cylinder at the moment of ignition. 
The thin tube, raised to white heat, is only exposed to the 
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atmospheric pressure outside, and the great pressure suddenly 
produced within has a tendency to burst it, and care should be 
taken that it is not over-heated or softened too much. It is 
found that the fresh mixture of air and gas when introduced 
cools the inner surface, and that it is necessary to use thin 
tubes, since thick ones are not so easily raised by a flame outside 
to such a temperature that even poor gases may be readily 
ignited by. contact with their inner surfaces. 

Ignition tubes made of J-inch steam tubing will give very 
satisfactory results without a timing valve when using an angle 
chimney. Here part of the mixture is gradually compressed 
into the tube under the most favourable conditions. The tube 
is constantly open to the cylinder, and the length of the heated 
part of the tube is so adjusted that the small portion of the ex- 
plosive mixture gradually forced into it becomes ignited, and has 
just time to fire the main charge in the cylinder at the proper 
instant. Ordinary wrought-iron gas tubing is used, though the 
life of such a tube is very uncertain. Numerous so-called alloys 
are used, and give fairly good results. 

The ' Wellington ' tube, when carefully handled, gives very 
good results. This tube consists of specially combined silica of 
earths exposed to certain treatment in drying and baking. 

The heating of this tube is very quick, and with care the life 
is some years. At the same time the heat of the tube cannot 
equal in intensity that of the electric spark or voltaic arc, which 
is near the temperature of volatilisation of the insulated points 
between which the arc passes. Hence the continuous stream 
of electric sparks, which is practically unaffected by ordinary 
currents of cold gas and air, affords the surest and most power- 
ful means of igniting a poor gaseous mixture under high 
pressure. For practical everyday use the disadvantages, how- 
ever, more than* counterbalance the advantages, and even when 
using producer gas from coke, a Bunsen burner can be arranged 
to use the same gas, and give very satisfactory results. 
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CHAPTEE XVIII 

TIMING VALVES t 

The more control the timing valve has over ignition the less 
' lead ' is required, so that the tube should be heated as low down 
as possible ; and to ensure the immediate contact of the charge 
with the heated part of the tube, a bulb is attached, into which 
the inert gases retained from the previous cycle are forced. 
If the clearance leading to the valve is long, a bulb is connected 
with the passage as near the tube as possible, so that the gases 
in the clearance space may be partly forced into it, as well as 
to give the fresh charge greater tube space. Should the valve 
require much ' lead ' to fire the charge on the dead centre, its 
control over the ignition will be lessened. Some timing valves 
are not made air-tight — that is to say, a small groove is made in 
the valve face causing a slight escape at each stroke of, the 
engine, just sufficient to draw by induction some of the products 
of combustion out of the ignition tube. For this purpose a 
separate shifting- valve is used. 



Crossley's Timing Arrangement 

Fig. 143 is a side elevation, fig, 144 front elevation, and 
fig. 145 a plan of timing arrangement used by Messrs. Crossley 
.Brothers. 

The ' lead ' in this type of timer is very small, the valve 
opening very rapidly. During the compression stroke the com- 
munication between the combustion chamber and hot tube is 
closed, and inert gases are allowed to escape to the atmo- 
sphere. 

The end of spindle acts as a valve, and is responsible for 
the correct time of firing. This is a very important detail. 
The stroke of the valve is T 5 ^ inch, and when wear and tear 
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Fig. 143.— side elevation 
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Fig. 144. — front elevation 
Figs. 143, 144.— timing arrangement — crossley's 
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of cam, roller, &c, reduces the stroke to I inch the worn part 
should be renewed. If this precaution is neglected the engine 
may reverse at starting. The ignition valve and guide are 
made of phosphor bronze, and are easily removed for grinding 
the valve in. 




Fig. 145. — timing arrangement— crossley's 

The method of taking the ignition tube out for renewal 
is simple, and when the ignition valve is placed vertically it 
acts well. 



* Stockport ' Timing Valve 

Fig. 146 is a sectional elevation of the timing arrangement 
combined with a self-starter used by Messrs. Andrews on their 
engines, F being the timing valve and A the valve used for the 
self-starter, G ignition tube, D lever for operating timing valve, 
H mantle for enveloping flame round tube. The ignition tube 
employed is a small one, and is arranged so that the gas and 
air mixture can at each ignition blow out some of the products 
of combustion remaining from the last ignition. This is 
effected through the small annular passage for the air and gas 
mixture between the inner and outer tube, as shown in the 
section. The valve F is not air-tight, a small groove being 
made in its face so that there is a slight escape at each 
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suction stroke of the piston, just sufficient to cause some of .the 
products of combustion to be drawn out of the ignition tube. 
For engines of large powers two complete timing valves are 
arranged in one box, having one common passage leading 




Fig. 146. — timing valve (stockport) 

to the combustion chamber. Ignition is arranged in duplicate 
so that in the event of accident to ignition tube — say, by burst- 
ing — one timing valve may be thrown out of gear of cam, and 
the other valve brought into action. This can be done auto- 
matically, the resultant force from the broken tube being made 
to act on a vane placed at the top of the chimney. This firm's 
ordinary timing valve works well, and the ' lead ' can be regu- 
lated at will. 

Tangyes' Timing Valve 

Fig. 147 is an external elevation, and fig. 148 a sectional plan 
of the timing arrangement fitted to Messrs. Tangyes' engines. 
A is the combustion chamber, and B the timing valve held 
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hard on to the seat B 1 by the spring C. It will be seen that 
the valve is made in two pieces, the object of which is to pro- 




Fig> 148 
Figs. 147, 148. — timing valve — tangyes' 



vide an arrangement so that a wedge inserted at D when start- 
ing, forcing the valve hard on to seat B 1 and being suddenly 
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withdrawn, admits the compressed charge into the igniter tube. 
The valve B 2 prevents the escaping explosion by forcing the 
spindle on to its seat and the roller E away from its cam. 

The double-seated valve spindle is made of phosphor bronze 
tipped with tool steel. The passage connecting combustion 
chamber with point of incandescence being short and direct is 
a very commendable point. 

Robey Timing Valve 

Fig. 149 is an end elevation, and fig. 150 a sectional elevation 
of a timing valve designed by the author in 1890, having for its 
main feature the possibility of adjusting the ' lead ' to suit high 
or low speeds whilst the engine is in motion, and retaining 
the value of direct ignition of the charge. 

A is the combustion chamber, B the passage leading to hot 
tube, C a double-seated valve spindle held on first seat by 
spring D, E the lever operated from any convenient part of 
engine, F the spool provided with a square head, and G the 
Bunsen burner arranged to impinge on hot tube below the 
reduced part of the chimney. During the greater portion of 
the compression stroke the valve C is closed, and the time of 
opening is regulated to suit the amount of compression and 
speed of the engine, but is allowed to remain open during the 
firing and exhausting stroke, the partial vacuum during the 
exhausting stroke being sufficient to exhaust ignition tube so 
as not to interfere with the next ignition. 

As far as timing valves go, this arrangement works well ; the 
valve can be turned round on its seat to ensure a good face 
without disconnecting the spring used for closing it. 



CHAPTEB XIX 

ANTI-FLUCTUATING GAS BAGS 

The suction of gas from the main pipe and then through the 
meter during the ordinary cycle of operations is necessarily 
intermittent, which is greatly intensified when the load on the 
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engine is very varied. If no provision were made, the users of 
gas from the same main would find their supplies varying in 




the same ratio, but to provide for this a reservoir is placed 
between the meter and engine, in part or wholly made of india- 
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rubber, so that the rubber being distended in filling, relieves 
these sudden demands upon the meter. An ordinary rubber 
bag has, however, been found insufficient to ensure complete 
steadiness in the surrounding mains, and anti-fluctuators, in 
fact as in name, have been designed, and are fixed between 
the meter and the gas bag, or on the gas b?bg and forming part 
of it. 

Fig. 151 is a sectional elevation, and fig. 152 an external 
elevation of an anti-fluctuating gas bag used by Messrs. 
Crossley Brothers. A is the gas inlet terminating in a slot, 
B is the cut-off valve made to fit slack in the cylinder C, D the 
indiarubber or canvas and rubber, and E the outlet to gas cock 
on the engine. 

The action is as follows : .The bag being filled, the rubber 
shown inflated, and the cut-off valve B closing the gas inlet, the 
engine can then draw a charge which depresses the rubber and 
moves the cut-off valve over the slot, again allowing the bag to 
be recharged by the ordinary pressure from the main. By 
drawing from the bag with the gas supply pipe practically shut 
off from the main in the neighbourhood of the meter, pulsation 
of lights is to a large extent avoided. There is, however, a 
tendency for this cut-off valve to stick if the quality of the 
gas is not good, and if the engine is* hard worked it becomes a 
difficult matter to keep the bag supplied with gas, and pulsation 
of lights is noticeable. In all cases a large gas bag should be 
used, to assist the anti-pulsator as much as possible. 

With producer gas anti-fluctuators are unnecessary. 



The Robey Anti-fluctuator 

Fig. 153 is a sectional elevation, and fig. 154 a sectional 
front view of an anti-fluctuator used by Messrs. Eobey & Co. 
and designed by the* author. 

It will be seen that two rubber sides are used, connected 
by toggle levers to a vertical rod, on the end of which is 
attached the cut-off valve. A is the gas inlet, arranged to enter 
valve box chamber by a number of port-holes ; B the cut-off 
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valve, which is a slack fit in the bush C ; D D 1 the rubbers or 
canvas and rubber, and E the outlet to gas cock on engine. 




Fig. 154 
Figs. 153, 154. — anti-fluctuator (robey) 



Fig. 153 



The action is as follows : The bag is shown filled with the 
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rubbers inflated and the cut-off valve B in its top position with 
the gas supply shut off; when a charge is taken by the engine 
the rubbers are depressed, the cut-off valve falls, uncovering the 
port-holes and allowing the gas to flow in and inflate the bag 
again. 

By arranging the cut-off valve in a vertical position in 
combination with two rubbers a very sensitive cut off can be 
obtained, and the difficulty experienced with the cut-off valve 
tending to stick or wear oval is overcome. 



CHAPTEE XX 

CYLINDER LUBRICATION 

One small but by no means unimportant item of gas engine con- 
struction is the method used for lubricating the cylinder, this 
being the chief factor which checked the development of gas 
engines thirty-five years ago, "as the property of mineral oils to 
withstand high temperatures was then unknown. The steam 
engine, with its low pressures and slow speeds, needed very 
little care in this direction, and the gas engine was presumed 
to be. the same ; and it seems almost impossible to realise that 
at this day, when the importance of suitable oils being used in 
the cylinder has been insisted upon by the foremost engine 
makers, that so many engines are completely ruined for the 
sake of a few pence per gallon in the cost of oil. ' The reason 
for using oil at all is to lubricate ; therefore use the oil that 
lubricates most.' Professor Thurston, in his admirable ' Treatise 
on Friction and Lost Work in Machinery and Mill Work,' well 
says : ' The price of an oil is usually of little importance in 
comparison with its friction-reducing power/ 

Fig. 155 is a section of a cylinder lubricator introduced by 
Messrs. Crossley Brothers on their earliest engines, and used by 
them and most of the other engine builders at the present time. 
In the earlier engines this lubricator was arranged with two 
pipes — one to supply oil to the cylinder, and the other to the 
slide ; and there is no doubt that this method of lubricating 
the slide added greatly to the success of the earlier engines. 
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Referring to fig. 155, the pulley A is driven by an endless 
belt from the side shaft. On the spindle B a crank C is attached 
arranged to carry a wire D, which in its travel wipes the oil it 
has lifted from the reservoir on to a fixed pin E situated over 
the space leading to the oil tube. The pulley is driven slowly, 
and as it rotates it carries the wire round the pin E, alternately 
dipping into the oil and wiping it off on the fixed pin, whence 
it runs into the trough F and down the pipe G to the cylinder ; 
it will be seen that the amount of oil carried by the wire 
must vary with the amount in the reservoir. 
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Fig. 155. — cylinder lubricator (crossleys') 



This alternate dipping into an oil well and discharging a 
variable amount of oil to the cylinder does not distribute the 
oil evenly in all circumstances, owing to the continual variation 
in the level of the oil in the reservoir. 

It was with the object of obtaining a constant feed that the 
author designed the duplicate dip wire used by Eobey & Co., 
the special feature of which is that one carrier simply serves to 
keep full to overflowing a second reservoir, from which the oil 
is taken to the cylinder at a uniform rate, irrespective of the 
level of the oil in the main reservoir. 
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The Bobey Lubricator 

Fig. 156 is a sectional elevation, and fig. 157 a plan of the 
Eobey lubricator. The revolving shaft A, which may be worked 
from any convenient part of the engine, but preferably from the 
cross shaft by an endless belt, is fitted with cranks B C, having 
depending wires D E. One depending wire, D, dips into the main 
oil reservoir F, and in rotating wipes off the oil carried by means 
of the fixed pin G into a smaller upper reservoir H, and the 




Fig. 157 



Fig. 156 

Figs. 156, 157. — cylinder lubricator (robey) 

other wire, E, carries oil from this upper reservoir H to a fixed 
pin J and to the recess I, which leads it to the cylinder. The 
wire D lifting the oil from the main reservoir is proportioned 
so that excess of oil is always raised to the upper reservoir. 



Fielding Lubricator 

' The lubricator shown at fig. 158 is on the principle of the 
bird-cage drinking fountain. 

This lubricator consists of a closed air-tight chamber for 
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containing the oil supply, having a trough outside formed in 
the same casting, and at the base of this chamber a hole is 
drilled through the wall of the chamber, leading from its lower 




Fig. 158.— cylinder lubricator (fielding) 

port inio the tray ; through this aperture the oil escapes, 
maintaining a constant level in the trough, and the oil is 
delivered from the tray by a wiper or wick. A removable plug 
is provided for filling the oil chamber. 



CHAPTEK XXI 

CAMS 

The usual practice in designing the air and exhaust cams is 
to use cast iron. The gas cam, whilst also of cast iron, has a 
tool steel piece inserted to ensure a good edge for the gas 
roller. 

Cast iron of good quality gives good results when the striking 
position of the cam to the roller on the lever is suitably 
arranged. 

Figs. 159, 160, and 161 show various methods of construct- 
ing cams, and their respective openings of the valves. 

Fig. 159, where a lifting lever of equal centres is used, the 
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lift of cam is shown at A, and the rate of valve opening and 
closing at B. 

Fig. 160 shows the lift of lever of equal centres when using 
a parabolic cam. The lift of the cam is shown at C, and the 
rate of valve opening and closing at D. 

In fig. 161 a quick opening and closing cam is shown, with 
a lever of unequal centres, the lift of the cam being shown at 
E, and the rate of valve opening and closing at F. The posi- 
tion of the crank at the commencement of exhausting stroke is 
shown at G. 

CHAPTEE XXII 

EXHAUST SILENCING CHAMBERS 

Exhaust silencers are made in a variety of forms, all based 
upon the principle of allowing the exhaust products (at the 
high pressure of 30 to 40 lbs. per square inch) to expand into 
a much larger area than that of the exhaust pipe, thence to the 
atmosphere at a reduced pressure. The area -of silencing 
chamber should be at least five times the volume of the 
cylinder. 

Some makers use baffle plates, and though the advantage 
of a quiet exhaust is in many instances indispensable, great 
trouble is often experienced with the exhaust products through 
excessive baffling. 

To expel the whole of the products of combustion would 
undoubtedly be a step in the right direction for high economy 
and hard continuous running. 

This is somewhat difficult to accomplish without serious 
complications, yet the nearer this can be approached the better 
the results will be. 

Fig. 162 is a sectional elevation, and fig. 163 a sectional 
plan of a very common design of exhaust silencing chamber. 
The exhaust gas from the engine may be arranged to enter at 
the side and out at the top, or to enter at the side and out again 
at right angles. In some cases two boxes are coupled together 
by a bridge piece pipe on top, the exhaust entering at the side 
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of the first box and out again to atmosphere from the side of 
the second box, or coupled at the side and the escape arranged 
from the top of the second box. 

Fig. 164 is a sectional elevation of two ' Justice ' silencers, and 
fig. 165 a sectional plan. This type of silencer is usually placed 




Figs. 162,- 163.— exhaust silencer 



at the end of the exhaust pipe and partially filled with shingle, 
and there are cases where shingle is used as a silencer when 
placed in a pit arranged to receive the end of exhaust pipe. 

Fig. 166 is a section of divisional silencer, and fig. 167 a 
cross section. In this form the exhaust inlet may be arranged 
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at either end. The extent of silencing is determined by the 
number of baffle plates, which are held together by a bolt 
passing through centre, though not held hard between the two 
end covers. When using this form of silencer it is necessary 




Fig. 164 




Fig. 165 
Figs. 164, 165. — exhaust silencer (justice) 

to fix the box some feet from the engine to avoid ' back ' 
pressure. It can be fixed in a horizontal or vertical position. 

Fig. 168 is a section, and fig. 169 a cross section of another 
design of the same type, where the loose plates are held in 
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position by bolts outside the main casting, instead of through 
the centre, the end covers pressing hard on the plates. 

In every arrangement of exhaust silencer provision should 
be made for draining off the water which may collect through 
condensed gases or rain getting into the escape pipe. A con- 
venient method is to arrange a' moderate sized pocket in the 
form of a standpipe, arranged in the lowest position and fitted 
with a drain cock. 



CHAPTEE XXIII 

GAS METEES 

The capacity of a meter is calculated by the number of lights, 
consuming 6 cubic feet per hour, it is designed to supply. 
Thus, a 5-light meter is capable of passing 30 cubic feet per hour, 
though meters are very often worked to a considerably higher 
capacity than that for which they are designed, and the dry 
form can be safely expected to give 1^ times the duty stamped. 



r Light 


Duty, Cubic Feet 


Diameter of Inlet 


Approximate B.H.P. 


i per Hour 


and Outlet 



in. 
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1 600 


2^ 


36 
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1 900 


3 


45 


200 


1,200 


8* 


73 



The size of service pipes depends upon the distance and 
size of the main gas supply. If, however, the pressure of the 
gas is above, or not less than, 1 inch water pressure, and the 
distance from the main not more than 30 yards, the above 
meter sizes will be found suitable. It is advisable rather to 
increase the size of pipes to the meter than decrease them, 
and gas pipes of less than J inch bore should never be placed in 
the ground. 
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CHAPTEE XXIV 

GENEKAL ARRANGEMENT OF ENGINE 

Fig. 170 is an elevation and fig. 171 a plan of a 9 b.h.p. gas 
engine, giving a convenient arrangement of engine, tanks, &c, 
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Fig. 171 
Figs.. 170, 171.— general arrangement of engines 
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but the varying conditions of space and machinery to be driven 
make it impossible to fix any definite arrangement to suit all 
cases. 

For the foundation, brick, stone, concrete, or wood is used ; 
where convenient, concrete makes a good foundation, and admits 
of holding-down bolts having a firm hold. 

It will be seen that two cooling tanks are used ; the inlet 
and outlet of the water to the cylinder and combustion chamber 
are shown by the direction of the arrows. A number of vessels 
arranged so that the hot water from the cylinder and combus- 
tion chamber returns to the top of the first water vessel, falling 
to the bottom and rising up the partition and into the top of the 
second vessel, and falling again to the bottom and to the engine, 
makes a most efficient method of circulating. The capacity 
of these vessels equals 56 cubic feet. The way in which a gas 
engine is fixed has frequently a great influence upon its future 
running. If the air necessary for combustion flows into the 
cylinder through a long, continuous pipe, indifferent firing of 
the charges will probably follow, causing great loss in power 
and troublesome explosions. Large gas engines should be 
provided with an air regulator, which in most cases is fixed 
near the engine, although much better results are obtained 
by arranging regulator on the end of air pipe. In some cases 
much longer air pipes are used than when testing engine at 
the works. For this reason air pipes should always be larger 
beyond the air box. 

Gas standing in ordinary gas pipes for any length of time 
becomes mixed with air by diffusion. If the mixture of gas 
and air is not allowed to flow out before attempting to start an 
engine, a difficulty will be experienced ; and it will be found the 
best plan to always test the gas before attempting to start for 
the first time, or after it has been standing for a few days, and 
a cock should be fixed in the gas pipe near the gas cock, with a 
pipe leading to the under-side of the water inlet pipe, with a 
small cock attached, which will not only serve the purpose of 
testing the quality of the gas, but may be left burning in frosty 
weather to prevent the water in the circulating pipe from freez- 
ing. If, on lighting the gas at this cock, it burns with a blue 

M 2 



164 THE 'OTTO' CYCLE GAS ENGINE 

or Bunsen flame, it is diluted with air, and should be allowed to 
burn until the flame becomes the colour of an ordinary gas jet. 
It may so happen that, although the engine may run fairly well 
with a light load, yet with a full load the gas supply may be 
found insufficient ; so that, the gas bag being emptied, the 
supply is drawn direct from the main, with explosions in the 
air and exhaust pipe following as a consequence because the 
gas and air are not mixed in the proper proportions in cylinder. 
In case the supply of gas is throttled — i.e. the main is not 
large enough to suit the pressure, an accumulation of water, or 
obstruction in the pipe ; sometimes by negligence in making 
joints. On the other hand, it may be all right at night, when 
the pressure is higher, the explosions taking place only during 
the day. All lights connected to the same main will fluctuate 
considerably, so that the Bunsen flame for heating the tube 
may persist in lighting at the air holes. If the gas is insufficient, 
the simplest remedy is to increase the size of the main. The 
increase in size will, of course, depend on the size of the main 
gas supply, and the distance the engine is fixed from this 
supply. However, the lowest pressure should always be 
known before the engine is fixed. Engines placed at the top 
of a building are better off in this respect. 



CHAPTEE XXV 

SCAVENGING METHOD 

The first successful engine using a positive scavenger was the 
six-stroke engine invented by Linford in 1881 ; but the first 
four-stroke Otto cycle engine with positive scavenger was that 
invented by Mr. J. H. Hamilton, B.Sc, and exhibited by 
Messrs. Wells Brothers at the Crystal Palace Electrical Ex- 
hibition in 1891 and 1892. This engine was a 14 h.p. nom., 
and used 16*5 cubic feet of gas per i.h.p. per hour when de- 
veloping 27 b.h.p. The compression of the charge before 
ignition was 65 lbs. per square inch, and although using a differen- 
tial piston the work absorbed in forcing the air through is, owing 
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to free passages, very slight, a reduction of £ lb. to 1 lb. per 
square inch from the indicator card will well cover it. 

Although the advantages gained by exhausting the products 
of combustion have been disputed and re-disputed over and over 
again, there is no doubt that to get rid of the products as 
quickly as possible after the working stroke is completed is 
the right thing to do. Not only is the average pressure of the 
indicator diagram maintained more uniformly, but a greater 
power is developed for the same size of cylinder, with a marked 
decrease in the temperature of the cooling jacket water, and 
thus making the engine more suitable for hard continuous work. 
Under certain conditions, such as using a long exhaust pipe 
without a silencing chamber, when the pipe has become heated 
a partial vacuum is created (even with the ordinary valve 
settings this is very noticeable when the air and exhaust valves 
have been arranged in close proximity to each other). Several 
methods of eliminating the exhaust gases without the use of 
separate pumps have been used, the most noticeable being the 
1 Crossley- Atkinson Scavenging Method,' patented in 1893, and 
described in the 'Engineer,' December 1894. 

Fig. 172 shows various positions of the crank pin with the 
valve settings, and fig. 173 is a weak spring diagram. 

Assuming the crank pin to be in the position A at the time 
the exhaust valve opens, towards the termination of a working 
stroke, the exhaust valve is kept open until position B is reached. 
The exhaust valve in an ordinary ' Otto ' engine would be closed 
about the point C when the piston is at the end of its stroke. 

Fig. 172 shows approximately the crank pin in its various 
positions. The relative periods are also shown developed. 

In the ordinary ' Otto ' engine valve settings the air and gas 
, enter during a half-revolution, the exhaust valve opens before 
the end of the outward stroke, and closes at the end of the in- 
stroke ; but referring to fig. 172 it will be seen that in the 
scavenging engine the air valve opens before the end of the in- 
stroke and closes at the end of the out-stroke, and the exhaust 
valve opens before the end of the stroke but does not close until 
the piston has passed the dead centre, the air and exhaust 
valves being thus open together for about a quarter of a 
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revolution. When the exhaust valve opens there is a pressure 
of 30 to 40 lbs. left in the cylinder; the burned products on 
passing the exhaust valve begin to compress the gases im- 
mediately in front against the inertia of the column beyond, 
and this compressed area passes rapidly up the pipe until the 
whole column is in motion. Fig. 173 is a weak spring diagram 
I 
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Fig. 172. — scavenging method 

from one of Messrs. Crossley Brothers' engines, and it will be 
noticed that a period of wave-like oscillations is shown. The 
exhaust line rises above the atmospheric line ; but had the 
exhaust not set the column of air in the exhaust pipe in 
motion, the back pressure would, of course, have been greater. 
As the piston nears the end of the in-stroke, the pressure falls 
below the atmospheric line, due to the momentum stored up in 
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the exhaust column, and the scavenging is effected during the 
time the air valve is open along with the exhaust. 

It is, however, beyond dispute that very economical results 
have been obtained without ' scavenging,' and Mr. Lanchester 




scale it 

Fig. 173. — weak spring diagram (scavenging method) 

has recently tested a ' Forward s engine having a cylinder 7£ 
x 14 inches stroke, running 195 revolutions per minute with a 
mean pressure of 84 lbs. per square inch, and the gas consump- 
tion per i.h.p. hour was only 17*25 cubic feet. 



CHAPTEE XXVI 

LARGE POWER ENGINES 

Although increase in compression before ignition has to a very 
large extent been the means of increasing the power and economy 
of gas engines, the author is inclined to think that this increase 
of compression has been overdone for large engines. In fact, 
without compensating advantages, increased expansion is 
essential, because there is less trouble with the exhaust. 

With engines having large bore and short strokes, increased 
expansion is obtained with very high compression. 

The difficulties are not merely in the construction of an 
engine which will withstand the heavy explosion pressures, 
but which will withstand them when aggravated by the differ- 
ential stresses which result from the high temperature of 
combustion and the unequal cooling effect of the water in the 
jacket. There are also serious difficulties connected with the 
cooling of the piston, and with the ignition of the charge of 
poor gas in large cylinders. With such large dimensions and 
great forces the questions concerning the jacket, the exhaust 
valves, and piston become difficult, and great care has to be 
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taken to prevent overheating, and to secure as near as possible 
a regular mean temperature of the cylinder. The cooling 
surface is much less in proportion to the volume of the gases 
burned in the cylinder ; the consequence is that the products of 
combustion retain heat to a far greater extent than in small 
engines, and the high temperature in the larger engines is 
liable to ignite the incoming charged, the result being that 
large engines at full power are * more liable to back firing 
and pre-ignitions than those of smaller size. 

The tendency is to construct engines of large power having 
a largp bore of cylinder and short stroke — in some cases the 
stroke is little more than the bore of cylinder. These engines 
are run at not less than 800 feet piston speed per minute. 

From a ' commercial ' point of view it will be understood 
that the object is to construct an engine so that the cost of it 
per unit of power is low ; but from a ' mechanical ' and eyen 
' scientific ' point of view this is wrong, notwithstanding the fact 
that the theoretical efficiency increases with compression. 

It must, however, be borne in mind that by constructing 
an engine with ordinary compression and increasing the ex- 
pansion a large sized engine is required, and although, as 
already stated, in keen competition this class of engine may 
suffer, nevertheless the wear and tear is considerably reduced, 
and it is very questionable whether in large sizes there is any 
gain in the long run by adopting high speeds and short strokes 
combined with very high compression. 



CHAPTEB XXVII 

FRICTION OF GAS ENGINES 

It is generally accepted that a steam engine has practically the 
same amount of friction when driving all the moving parts and 
doing no other work as it has when doing its maximum duty. 
This applies equally to a gas engine, and since this is so, a gas 
engine of any dimensions will require a certain amount of 
power to keep it moving at its normal speed ; all additional 
power is practically effective horse-power, consequently the 
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greater the power the engine can be made to give out in 
regular work, the higher its mechanical efficiency will be— i.e. 

B -^ P * =M.E. 

I.H.P. 

There is a difference between the friction of an engine with 
hot and cold water in the cylinder jacket, but this is seldom 
taken into account. 

The most satisfactory data have been furnished by Professor 
Thurston. His experience proved that the friction of a steam 
engine was practically the same, no matter what power it was 
giving out. 

A gas engine had to give a certain i.h.p. to drive itself, and 
this amount represented a constant amount, or dead load ; all 
the power indicated in excess of this was effective or useful load 
put into the work actually done. 

It must, however, be borne in mind that the temperature of 
the water jacket plays a verjr important part, the efficiency 
varying considerably with the temperature. 



CHAPTER XXVIII 

TESTING GAS ENGINES 

The first engine of each size made should be treated as follows 
at the works before delivery : Before heating the ignition tube, 
a cock should be fixed on the combustion chamber ; turn fly- 
wheel round sharply, drawing in a few charges of gas and air, 
open this cock and apply a light, the object of which is to deter- 
mine the quality of the mixture ; if it burns with a character- 
istic blue flame it will be rightly proportioned, if it burns 
indifferently there will be too much air, whilst if it burns with 
a white cap there will be too much gas. In all cases the 
mixture should be regulated before attempting to start the 
engine. 

Having made a start and got the engine fairly warm, a power 
card should be taken, which will show at a glance if the valve 
settings are correct. 
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Indicators are invariably fixed on the combustion chamber, 
and for this purpose a hole is tapped f -inch Whitworth, and 
fitted with a plug. It is not advisable to have any connection 
between the indicator cock and the combustion chamber, the 
hole in which should not be less than ^ inch. 

When the indicator cock is closed, the indicator pencil 
should remain at rest ; if not, a leak past the plug will be 
the cause of the pencil moving up and down, and preventing 
an accurate atmospheric line being obtained. As already 
explained, great care must be exercised in coupling up the 
indicator cord. 

For practical purposes the following is the usual method of 
indicating a gas engine : Having fixed the indicator, it is advis- 
able before taking a diagram to run the engine, say, fifteen 
minutes, to allow time to get rid of the moisture in the cylinder. 
Diagrams may then be taken, and will at a glance show the 
valve settings and the difference between the force of explosion 
before and after the cut-off is obtained. 

It will be observed that the indicator diagram is' the result 
of two motions : the vertical motion of the pencil due to the 
pressure in the engine cylinder, and the horizontal motion of 
the paper which represents the travel of the motor piston. 
Hence any point on the curve indicates the pressure in the 
cylinder corresponding to that position of the piston given by 
the horizontal distance along the line. 

When we introduce the idea of time and compare amount 
of work done by an agent in a given interval of time, we use 
the term * power ' or * rate of doing work/ 

To find the horse-power of any agent it is only necessary to 
calculate in foot-pounds the work done by it in one minute and 
divide by 33,000. 

The indicated horse-power of an engine is the rate at which 
work is being done on the piston by the working substance as 
calculated from the indicator diagram, the speed of the engine — 
that is, the number of turns the crank shaft makes per minute 
— not being taken into account, but chiefly the number of 
explosions per minute and average effective pressure (after 
deducting the pressure during back and charging stroke) and 
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the mean of the first explosion after cut-off and, say, two others 
being taken. 

Therefore, let P = mean effective pressure of diagram, 

S = length of stroke of piston in feet, and 
E = explosions per minute. 
A = area of piston in square inches. 
P x A x S x E indicated H p 
33,000 
Of the total indicated horse-power in an engine part is spent 
in overcoming the frictional resistance of the mechanism, and 
the remainder that is available for effective work is called the 
actual, brake, or effective horse-power. 

Spring Balance 




Fig. 174. — friction brake dynamometer 



Undoubtedly the simplest and most accurate method of 
gauging this is by means of a brake as shown at fig. 174. It 
consists of an endless rope, in two turns kept apart from, as 
well as from slipping off the brake wheel by wooden cross- 
pieces. These should be laced to the ropes, and kept well clear 
of the rim of the wheel. It is not advisable to fasten the rope 
to the block by screws or nails, as these are liable to touch the 
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rim of the wheel .and make it excessively heated by the friction 
so as to burn the rope. Grease, tallow, paraffin, and plumbago 
are often used to lubricate the rope and blocks. The more 
lubricant is used, the greater will be the variation on the spring 
balance. 

It is possible and practical to run a wheel of 60 inches dia- 
meter with a load equal to 12 h.p. on the rope for ten hours 
with safety without lubricant ; in fact the author has run an 
engine fitted with a 48-inch wheel, and having 30 lbs. on the 
rope, for 23£ hours without lubricant of any description. Pro- 
viding the wheel is turned smooth gn its face and a good close 
strand of rope is used, lubricants are unnecessary, and there is 
only slight variation on the spring balance. 

Engines developing 14 to 30 b.h.p. should be tested with 
flywheels split at the boss. If not, there is a great danger of 
the wheel seizing on the shaft. Above 20 b.h.p. all wheels 
should be arranged with a water-trough rim. 

To find the actual horse-power 

Let W = gross load 

w = average pull on the spring balance, which 
must be deducted from W to give the 
nett load. 
r = radius of brake wheel and rope to point 
of suspension, the effective circumference 
2 7r r feet. 
N = revolutions of wheel per minute. 

Therefore the work done against friction is 

(W — w). 2 7rr N foot-pounds per minute. 

Hence we have 

■a- u u a (W-w) 2 ?rrN 

Horse-power absorbed = ^ ~i-~^ 

F 33,000 

CHAPTEE XXIX 

INDICATORS FOR GAS ENGINES 

The principal use of the indicator is to give a graphic repre- 
sentation of the varying pressures in the cylinder of gas engines, 
enabling engineers to determine the amount of work done 
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by the working fluid, and to detect faults iu design which might 
otherwise escape notice. But the correct interpretation of the 
diagram is by no means the simple matter it appears at first 
sight, as it involves most careful study and long experience. 
The spring and moving parts constitute, of course, the most 
important details of the instrument. Each indicator is supplied 
with a number of springs of different strength or stiffness to 
suit different pressures and speeds, the object always being 
to obtain the largest possible diagram which can be had under 
the conditions of speed and pressure. The different springs 
are arranged in terms of their compression in fractions of an 
inch, under a pressure on the piston of 1 lb. per square inch, 
or a direct load of £ lb. ; and the springs are numbered 
accordingly, the limits of pressure for which the spring is 
available being marked on its boss. The scales used are gener- 
ally multiples of 4 or 8, so as to allow for conveniently using 
an ordinary inch scale divided into eighths for measuring up 
the diagrams. The divisions of the scales supplied with each 
spring are uniform throughout the range, on the assumption 
that the deflection of the spring is always for this range directly 
proportional to the load. This is not strictly true ; and it 
would certainly be more accurate to divide each scale separately 
from the spring, instead of forcing the spring, as it were, into 
a certain predetermined scale. The error under the present 
system is, however, not large, amounting, according to the 
investigations of Professor Eeynolds and Mr. Brightmore, to a 
maximum of about 1 per cent, in ordinary good springs, and 
this is quite insignificant compared with other errors t6 which 
the diagram is subject. For ordinary purposes this slight dis- 
advantage is more than counterbalanced by the great conveni- 
ence of having a fixed scale. 

The most recent improvements in the indicator have been in 
the direction of stiffening the spring and reducing the inertia 
of the parallel motion, so as to obviate as far as possible the 
oscillations of the pencil, and render the instrument applicable 
at the higher speeds which are daily finding more extended 
application. 

Before using any indicator a motion card should be taken. 
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To do this all that is necessary is to take out the piston and 
spring, draw the atmospheric line, and allow the drum to return 
to its original position ; then lift pencil. The line drawn should 
be a horizontal straight line. 

When using an indicator for taking diagrams from a gas 
engine very great difficulty is experienced, owing to the sudden 
rise of pressure, and abnormally high cards are often obtained, 
in some cases reaching 400 to 600 lbs. above atmosphere. The 
strain is invariably severe : the temperature may affect the 
spring, and there is considerable risk of the piston sticking ; 
therefore it is not desirable to place too much reliance upon 
the indicated horse-power of a gas engine. 

Diagrams taken when the engine is cold are very different 
from those when the engine is hot. Then, again, the first 
diagram after a cut-off— after the cylinder and combustion 
chamber have been cleared of the products of combustion — is 
invariably larger than the succeeding ones. 

Thompson's Indicator , 

Fig. 175 is a part sectional elevation of a small Thompson 
indicator, as made by Messrs. Schaffer & Budenberg, the chief 
distinguishing feature of which is the novel arrangement of 
light levers carrying the pencil. 

The parallel motion is carefully designed to ensure that 
the pencil point describes a straight line, and the motion of the 
pencil point should be precisely proportional to that of the 
indicator piston throughout the stroke. 

The link connecting the pencil arm to the piston rod has a 
ball-and-socket joint at the loose end to allow free motion. 

A movable collar around the upper part of the cylinder 
swings round against a stop to prevent undue pressure of the 
pencil on the paper. This collar carries a fixed standard with 
radius bar, as well as a link with the fulcrum of the pencil arm 
at its upper end. 

The parts which move with a high velocity are made as 
light as possible, consistent with strength and stiffness, in order 
to reduce their inertia to a minimum. 

The paper drum is shown separately in section, fig. 175. 
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By removing the outer cylinder, loosening the nut on the 
top of the drum spindle, and by turning the disc holding the 
flat spring inside, the latter may be readily adjusted to suit any 
speed of engine up to 400 revolutions per minute. 




Fig. 175. —Thompson indicator 

When using this indicator for taking diagrams with excep- 
tionally high maximum pressures a special piston A, one-half 
the area of the ordinary piston, is used, thus reducing the stress 
on the levers and motion bar and effectually overcoming the 
wave oscillation. 
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The Crosby Indicator 

Fig. 176 is a sectional elevation of the Crosby indicator. 
It has a very light piston, parallel motion, and drum. The 
spring is made of one piece of steel wire, wound from the 
middle in a double spiral, its ends being screwed into the wings 
of the spring head D fixed to the cylinder cap A. 




Fig. 176. — crosby indicator 



The final adjustment of the springs is made by simply 
screwing in or out of the head D. On the middle of the spring 
is brazed a small steel ball, which fits a socket in the hole on the 
piston rod, and is adjusted to the proper lightness by the screw 
G, so as to allow free motion and prevent sticking or twisting, 
the thrust on the spring producing a perfectly axial compression. 
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The steam or gas from the engine passes into the cylinder F 
and H around the piston, and keeps it from being forced side- 
ways against the cylinder. It is desirable not to have the 
diagram more than 1*75 ins. high ; hence, when measuring 
high pressures, use stiff piston-springs, which will at the same 
time lessen vibrations. 

The very slight movement of the indicator-spring is then 
magnified to six times the range by the pencil. 

The long pencil arm, necessary for this multiplication, is the 
weak part of this indicator when used for gas-engine purposes. 

In careless hands the friction of the pencil on the paper 
sometimes amounts to tearing of the paper, or bending of the 
pencil when it is pressed too hard against the paper. This is 
prevented in the Crosby by a stop for the sleeve on the cylinder 
carrying the pencil movement. A screw comes against the 
stop, and can be adjusted to a nicety, so that the pencil point 
is allowed just to touch the paper and make a visible mark. 

The paper drum has a short spiral spring, which can be 
tightened and adjusted by the collar and lock-nut at the top to 
suit the speed of the engine to be indicated. This spring offers 
increasing resistance, as it is compressed by the rotation of the 
drum, overcomes the inertia and friction of the drum, and thus 
maintains a constant stress on the cord connected by the 
reducing-gear to the engine-piston. With strengthened pencil- 
arm, and when used in a careful manner by practical and 
intelligent engineers, the Crosby instrument gives good and 
reliable cards. The Crosby Co. are now making a special 
gas-engine indicator for use on engines with a high initial pres- 
sure. The pencil motions of this instrument will be stronger 
than the ordinary steam-engine pattern, and the piston is only 
one-half the diameter. 



The Tabor Indicator 

Pig. 177 is an external elevation and fig. 178 a sectional 
elevation of the Tabor Indicator. 

Eeferring to figs. 177 and 178, it will be seen that the most 
noticeable peculiarity of this instrument is the means employed 

N 
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to communicate a straight light movement to the pencil. A 
plate containing a curved slot is fixed in an upright position 
and secured to a swivel plate on the cover of the steam cylinder. 
This slot serves as a guide, and controls the motion of the 
pencil bar. A pin which carries a roller is fixed on one side of 
the pencil bar, and this roller is fitted so as to roll freely from 
end to end of the slot. The position of the slot is so adjusted, 
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and the pin attached at such a point on the pencil bar, that the 
curve of the slot compensates the tendency of the bar to move 
in a circular arc, and the end of the bar, which carries the 
pencil, moves up and down in a straight line when the roller 
is moved from one end of the slot to the other. It will be 
apparent that there is little chance for friction in this movement, 
and also the lightness of the bar and connections insures that 
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inertia will not exert a disturbing influence on the movement 
of the pencil. 

Of the general features of this indicator it will be noted 




Fig. 178. — section op the tabor indicator 

that the base of the paper drum and the cylinder jacket are 
made in one piece. 

The cylinder is a straight tube inside of the jacket, with 
an air space around the sides, and is attached to the jacket 

N 2 
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by means of a thread cut on the bottom of the cylinder, the 
cylinder being thus left free to expand or contract without 
affecting other parts of the instrument. 

The pencil mechanism is carried by a swivel plate fitted to 
the cylinder cover, and on which it can be freely turned to 
bring the pencil into contact with the paper drum. An adjust- 
ing screw passes through a projection on the swivel plate, and 
serves to turn the pencil mechanism to and from the paper 
drum, and also to regulate the pressure of the pencil on the 
paper. 

A safety stop is provided inside the indicator to prevent 
undue compression of the spring and preserve the pencil move- 
ment from injury. This stop will be brought into play by the 
excessive pressures which sometimes occur when indicating 
gas-engines, or through the mistake of putting in too light a 
spring for the working pressures. 

The springs used are of the duplex type, being made of two 
coils of wire fastened exactly opposite each other on the fittings. 

A ratchet is cut — see fig. 176 — on the edge of the drum 
carriage, and a pawl is so arranged as to engage in it whenever 
it is desired to stop the motion of the drum without unhook- 
ing the driving cord. This is exceedingly useful, saving time. 

This instrument is somewhat larger than usual ; some of 
the leading dimensions are as follows : 



Diameter of piston 


0-7978 inches. 


Diameter of paper drum 


2-063 „ 


Stroke of paper drum . 


55 „ 


Height of paper drum . 


4' „ 


Number of times pencil mechanism 




multiplies piston motion . 


5' „ 


Eange of motion of pencil point . 


325 „ 



When taking pumping or power diagrams the Tabor Indi- 
cator gives admirable results. 

The ' Wayne ' Indicator 

Another indicator which has lately come into prominence is 
the ' Wayne/ manufactured by Messrs. Elliott Bros. 
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Fig. 179 is an external elevation, and shows indicator 
arranged for taking line diagrams. 

The distinguishing features are, rotary movement of parts 
connected to tracing point, no parallel motion, and the spring 
arranged outside of the cylinder. The piston, which is made of 
steel, consists of two tongues, or leaves, standing out from 




Fig. 179. — the * wayne ' indicator 

opposite sides of the piston rod, the rod passing through both 
ends of the cylinder ; the leaves forming the piston reciprocate 
in a rotary manner between abutments from opposite sides of 
the inner periphery of the cylinder. These abutments fit the 
piston rod between the leaves of the piston ; the steam or gas, 
after passing the stop-cock (which is connected to the indicator 
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by ball fittings, thus allowing the indicator to be set at any 
angle) is divided, and each half enters the cylinder near the 
abutments on opposite sides or diameters, thus acting upon 
both leaves of the piston with equal pressure ; and the piston 
and piston rod, carrying the tracing point fixed on one end, are 
turned in a rotary direction. 

The spring is double coiled from one piece of wire; the 
cross piece of wire joining the two coils is held in a V slot in 
the end of the piston rod by a spiral grooved cap ; the other 
ends of the spring are fixed to a small plate having two perfora- 
tions, which fit on two steel pins standing out from one end 
of the cylinder. The tracer is fitted with a brass point for 
metallic paper, lead point for plain paper, or a hard steel point 
for marking on special black faced paper. 

The paper is held in a cylindrical form, concentric with the 
piston rod, in light spring clips at each end of a sliding bar ; 
from one end of the bar a cord is taken once round a pulley to 
which it is fixed. From the other end of the sliding bar a cord 
is taken round the other side of the pulley; then, passing 
between guide pulleys, it is attached to the engine in the usual 
way. 

An arrang&aent is shown on fig. 178 for taking the diagram 
in parts or lines, with a mechanically limited stroke for increase 
of pressure at the steam end of the line, and a corresponding 
down stroke on the expansion part of the line, so that only 
a strip of each diagram is taken at a time. This limiting is 
arranged by a segment of a worm wheel mounted concentric 
with the piston rod. This cannot give accurate results unless 
all the consecutive diagrams are identical. 

The drum and sliding bar are aluminium, and are very light. 
The weak point of this indicator is the sliding bar ; as already 
stated this bar is made very light. Lightness is essential, but 
greater bearing surface should be provided, or some method of 
taking up the wear. The diagrams taken with this instrument 
are very reliable. 



DIAGRAM AVERAGING INSTRUMENT 



183 



CHAPTEE XXX 

DIAGRAM AVERAGING INSTRUMENT 

This instrument was originally designed to measure the 
average pressure of an indicator diagram, but it can also be 
applied, if desired, to measure the areas of other irregular 
figures. 




Fig. 180. — diagram averaging instrument 

Eeferring to fig. 180, it will be seen that the averager con- 
sists of an arm, having a tracing point at one end and a 
hardened steel pin at the other, and carrying a graduated wheel 
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on one side, the axis of the wheel being parallel to a line drawn 
from the hardened pin to the tracing point. This arm is used 
on a board having a metal square, C, B, fixed at the left-hand 
side, with a grooved plate, 1, below it, for the hardened pin to 
slide in. On the right-hand side of the board is a straight-edge, 
K, fastened to a slide, which may be moved towards or from the 
grooved plate, in order to accommodate different lengths of 
diagrams. Alongside of the grooved plate, a strip of specially 
prepared paper is fixed for the graduated wheel to run in. 

In using the diagram averager, an indicator diagram is first 
placed under the clamps C and K in such a position that the 
atmospheric line is parallel with the lower edge B of the square 
C B, while the extreme left-hand end of the diagram nearly 
touches the perpendicular edge, C. The sliding clamp K is then 
moved to the left until its inner edge almost touches the right 
end of the diagram. Fig. 180 shows the correct position of the 
diagram and clamps, i.e., the diagram must be so placed that 
the centre of the tracer D, when touching the clamps, will come 
directly over the centre line. 

The arm of the instrument is next placed on the board, 
with the pin at the lower end, resting in the groove, I, and the 
weight W applied to the top of the pin, to keep it in the groove. 
A slight indentation is then made in the paper at E, with the 
tracer D, when it is touching the clamp K, and preferably on 
the line of the diagram. This serves as a starting-point. The 
graduated wheel is then turned so that its zero is opposite the 
zero on the vernier, taking care that the tracer T> does not move 
till the wheel is set. 

Next move the tracer D carefully over the line of the diagram, 
moving to the left along the exhaust line, and to the right along 
the admission and expansion lines, until the starting-point E is 
reached (the wheel then shows the area of the diagram, but no 
account need be taken of this in ascertaining the average pres- 
sure), then move the tracer upwards, keeping it against the 
edge of the clamp K until the wheel returns to zero, and make 
another indentation in the paper. This is indicated at A. The 
distance between the two indentations equals the average 
height of card, and if measured by the scale corresponding to 
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the diagram will show the average pressure, either in pounds 
per square inch or in kilogrammes per square centimetre, 
according to the spring and scale employed. 

The theory of this instrument is very simple. 

Kef erring to fig. 181 the lines A, A,, A 2 , A 3 , and A 4 , roughly 
represent an indicator diagram, and the line A p Bj represents 




Fig. 181. — diagram averager 

the arm of the instrument in its initial position, A x representing 
the tracing point. Assume that this arm is moved downwards 
to the position A , B , then the area moved over the line is the 
space A p B p B , A , which is exactly equal to the rectangle A, Ap 
A A 4 , as it is on the same base and between the same 
parallels. 
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Let L equal the length of the line A,, B p equal the angle 
between this line and the vertical traversed, then the area 
moved over by the line A,, B, is equal to L 8 in. x H. The 
axis of the measuring wheel, W, being parallel to the line A, , B , , 
this wheel will rotate in precisely the same manner as if its 
axis coincided with that line, and it will be so represented in 
this explanation. 

When the arm is moved to A B , the wheel W is moved to 
W . Eesolving this movement into its components, there is 
first, H cos. (represented by N W ), and this component being 
parallel to the axis of the wheel, cannot cause rotation. The 
second being H sin. (represented by W 1 N), which is in the 
direction of rotation of the wheel, will cause the wheel to turn 
round on the paper over which it runs, through a length of its 
circumference equal to this ; but, as shown before, the area 
moved oyer by the arm was L sin. x H, and therefore this area 
is also equal to L x the rotation of the wheel. 

Next move the tracing point A to A 4 — during this movement 
the wheel will revolve through a certain angle which need not 
be considered (as will be seen later) ; then move the tracing 
point from A 4 up to A ; the motion now is parallel to the axis 
of the wheel, and the wheel will not revolve. Finally, move the 
tracing point from A to A p its original position. During this 
movement the wheel will revolve through the same angle that 
it did in moving from A to A 4 , but in the opposite direction, 
which motions cancel each other. Therefore the final rotation 
of the wheel at A is proportional to H sin. ; and, as already 
shown, the area A A, A A 4 is equal to L sin. x H ; therefore the 
rotation of the wheel is proportional to the area enclosed by the 
line which the tracing point moves over. It will be readily 
seen from the above that only vertical components of its move- 
ment leave any permanent record on the wheel, the horizontal 
components cancelling each other when the tracing point is 
brought back to its starting-point. 

Next take the whole of the diagram, including the curved 
side A, A 2 . Approximately this diagram is equal in area to the 
sum of the rectangles shown, and will be exactly equal to this 
if the rectangles are narrow enough. Now from the explana- 
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tion above it will be readily seen that the area of each of these 
rectangles could be obtained separately and, ad the movement 
along the line A A 4 does not affect the wheel, if the starting-point 
was at A and each rectangle moved over in turn without remov- 
ing the tracing point from the paper, the wheel would mechani- 
cally add the areas of these rectangles together, and the result 
would be the area when the tracer was returned to the starting- 
point A. It will also be readily seen that as in the horizontal 
movements of the pointer over the lines of the rectangle cancel 
each other, the result will be the same if the tracing point is 
simply moved over the boundary lines of the diagram. 

If this explanation has been carefully followed, it will 
readily be seen why the instrument gives the average height 
of a diagram when the tracer is moved upwards against the 
movable clamp after completing the circuit ; for as the tracer 
is moved upwards until the wheel returns to zero, the arm will 
pass over a parallelogram the area of which is equal to the area 
shown on the wheel, or the area of the diagram measured. 
Arid as shown, this parallelogram is on the same base and 
between the same parallels as the rectangles found by drawing 
horizontal lines from clamp to clamp through the two indenta- 
tions made by the pointer ; therefore this rectangle is equal in 
area to the diagram, and as it is of the same length, its height 
must be the average height of the diagram. 

By means of the averager a skilful operator can measure 
fifty diagrams per hour. 

CHAPTEE XXXI 

SPEED COUNTERS 

Although the speed of an engine may be taken by counting 
the revolutions made in a known time, this method is only of 
use for approximate work ; therefore it is necessary to use a 
counter which can be worked from the crank or side shaft of an 
engine, and which will record the exact number of revolutions 
made in any given time. A very simple form of such a counter 
is shown at fig. 182, which is available for reciprocating and 
rotary motion in both directions. 
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The lever H is connected for counting reciprocating move- 
ments ; the angular throw of this lever must not be less than 
60°. For counting revolutions the lever H must be removed, 
and the rod or spindle Z is inserted into the opening at the back 
of the instrument. The counter will then register revolutions 
of the spindle Z. 

The counting mechanisms consists essentially of a short 
oscillatory lever which is actuated by means of the lever H or rod 
Z and is provided with two projections engaging alternately with 
the teeth of a ratchet wheel, so as to turn the wheel through one 
tenth of a revolution in the same direction for each revolution 
of the spindle Z or stroke of the lever H. The spindle of the 




Fig. 182 



ratchet wheel carries a disc provided with a pin and correspond- 
ing recess, which serve to propel the next wheel through one- 
tenth of a revolution for each revolution of this wheel ; and, 
similarly, each succeeding wheel turns the next following one- 
tenth of a revolution after having completed a whole revolution. 
Each wheel has a dial with ten figures, of which only one is 
visible at a time ; consequently the figure next to the lever in- 
dicates units, the second tens, the third hundreds, and so on. 
When all dials show 9 the next stroke or revolution changes 
them all to zero, and the counter starts afresh. 

The counting is perfectly reliable, even at very high speeds, 
because each wheel is locked in position by the edge of the next 
disc engaging the space between the two succeeding teeth. 
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The illustration shows this counter provided with an ar- 
rangement for re-setting all figures to zero. For this purpose 
each wheel is mounted on a carrier or short lever, which swivels 
on a pivot screwed into the base of the counter. After remov- 
ing the cover of the counter and releasing the catch, the wheels 
can be all disengaged and set to zero. 



HARDING COUNTER 

Fig. 183 is an external elevation and fig. 184 shows the 
counting mechanism. 

The figures are engraved upon a number of wheels, mounted 
on a separate shaft. When each wheel has completed a revo- 
lution two small projections engage with the corresponding 
small toothed wheels, causing the latter to turn the next wheel 




Fig. 183 



Fig. 184 



through one-tenth of a revolution. The small wheels also serve 
to lock the large wheel in position after each movement. 

The end of the secondary shaft carries a lever, the end of 
which rests loosely on the main shaft, thereby holding the large 
wheels in engagement. Upon raising this lever the wheels may 
be disengaged and set to zero. 

The actuating mechanism resembles in principle that em- 
ployed in the counter shown at fig. 182, and this counter is also 
available for reciprocating and rotary motions in both directions. 
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TACHOMETEE, OR SPEED INDICATOR 

Fig. 185' is an external elevation of a simple form of tacho- 
meter, an instrument 
which serves for in- 
dicating in a continu- 
ous manner the speed 
of rotating shafts in 
revolutions per mi- 
nute, and is well 
adapted for checking 
the speed of engines 
when they are re- 
quired to work with 
great regularity of 
speed. 
The apparatus can be fixed in any required position for 

slackening the nut shown in the illustration ; it can be turned 

round completely in the support. 

The pulley may be driven in either direction, when the 

actual speed of driving shaft is calculated from the ratio of the 

diameter of the driving pulley to that on the indicator. 

This instrument is often fixed or coupled to a shaft, so as to 

constantly record the speed of it. 




Fig. 185. — tachometer, or speed indicator 



TACHOMETER 

This type of tachometer shown in figs. 186 and 187, which 
is intended for use by hand, constitutes a modification of the 
larger instrument shown at figs. 183 and 184. 

It is very light and portable, and will indicate the speeds of 
rotating shafts with the same degree of accuracy as the larger 
instruments. 

This tachometer is employed by holding it with a slight 
pressure of the hand against the end of the rotating shaft so 
that the steel bit provided on the end of the apparatus enters 
the centre mark of the shaft. The instrument will then 
indicate directly and continuously the precise speed of rotation 
of the shaft. 
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This instrument is also provided with two sets of toothed 
wheels for increasing or reducing the relative speed of the 
tachometer in the proportion 1:2. 




Fig. 186 




Fig. 187 



CHAPTEE XXXII 



CALORIMETRY 

Hitherto the heating or calorific value of combustible gases 
has generally been identified with their candle power ; a correct 
determination of the former could, however, only be obtained 
by a difficult analysis, which an expert analyst would require 
several hours to complete. 

We therefore find the economy of gas engines is expressed 
in so many cubic feet of ' 16 candle power gas per i.h.p. or 
b.h.p.' In using this standard the fact is .altogether overlooked 
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Gas Suflply* 



Fig. 188. — junkers' calorimeter 
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that not only may the heating value of gases from different 
companies vary very much, although their photometric value 
may be practically the same, but also that gas taken from the 
same main, at intervals of only a few hours, is liable to vary as 
much as 20 per cent. Besides, if one quality of gas shows a 
higher candle power than another, it does not by any means 
follow that its heating value has increased in the same propor- 
tion. 

Modern practice gives ample means of producing a gas of 
brilliant candle power, while its heating value may be very 
poor. 

Considering the great extension which the use of gas has 
experienced as an agent in heating and in producing motive 
power, an apparatus has become absolutely indispensable which 
will enable any person of average intelligence to ascertain the 
heating value of any specimen of gas that may be used for such 
purposes. 

From practical experience the author is satisfied that Junker's 
Calorimeter fulfils these conditions. 

The principle on which this apparatus acts is, that the heat 
generated by a flame is transmitted to a current of water, 
flowing at a constant rate, and measurements are taken : 

1. Of the quantity of gas burned ; 

2. Of the quantity of water passed through the apparatus ; 

3. Of the difference in the temperatures of the water on 
entering and on leaving the apparatus. 

Fig. 188 is a sectional elevation, fig. 189 sectional plan, and 
fig. 190 general arrangement of Junker's Calorimeter, with gas 
meter, gas governor, pressure gauge and 
thermometers. A flame, 28, is intro- 
duced into a combustion chamber, 
formed by an annular copper vessel, 
the annular space being traversed by a 
great number of copper tubes, 30, 
connecting the roof with the bottom 
chamber. The heated gases circulate fig. 189* 

inside the tubes from the top * to the 

bottom, whilst a current of water ascends outside the tubes in 

o 
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the opposite direction. By means of this most suitable arrange- 
ment of counter currents, all the heat produced by the flame is 
transferred to the water, and the spent gases escape through 
the throttle at atmospheric temperature. The pressure of the 
water current is kept constant by two overflows, 3 and 20, and 
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Fig. 190 



the quantity of water passing through the apparatus can be 
regulated by the stopcock 9. A baffle plate, 14, surrounds 
the lower end of the tubes to ensure an even distribution of the 
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water, and in the neck of the apparatus, at 38, several discs 
with cross slots are arranged to ensure an intimate mixture of 
the heated water before it reaches the thermometers. Provision 
is made to collect the water which is formed during the com- 
bustion of hydrogen in the gases in the annular space, 34, and 
to pass it into a measure glass through the tube 35. To pre- 
vent radiation, the whole body of the apparatus is enclosed 
in an air jacket. 

As the standard unit of heat generally used is the calorie, 
i.e., the amount of heat required to raise the temperature of 1 
kilogramme (1 litre) of water 1° Cent., this unit has been 
adopted in Junker's Calorimeter. 

If British Thermal Units are required, the result in calories 
has only to be multiplied by the factor 4 (more correctly 
3-9683). 

Taking the Beading 

When the pointer of the gas meter passes zero, or a whole 
figure, shift the hot water tube from over the funnel into the 
measuring glass, and note the temperature of the hot water 
thermometer at five or six intervals while the glass is being 
filled. The cold water thermometer will generally remain sta- 
tionary, and need only be observed once. As soon as the hot 
water reaches the two-litre mark, turn the gas off, and read the 
quantity of gas shown by the meter. 

The following readings will serve as an example : — 



Gas Meter 



5 cub. ft. 

5-344 cub. ft. 
Gas burnt 0*344 cub. ft. 



Cold Water 


Hot Water 


Thermometer 


Thermometer 


8-77° 


26-75° 




26-70 




26-82 ♦ 




26-80 




26-75 


8-77 


26-80 


8*77° average 


26*77° average 



Water 



2 litres 
2 litres . 



A calorie being the quantity of heat required to raise the 
temperature of 1 litre of water 1 Q Cent., the experiment will 



o 2 
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show the heating value of the gas by means of the following 
equation : 

WT 



H = 



G 



where H is the calorific value of one cubic foot of gas ; 
W is the quantity in litres of water heated ; 
T is the difference of the temperature in degrees 

Centigrade of the inflowing, and of that of the 

outflowing, water ; 
G is the quantity in cubic feet of gas burned during 

the experiment. 
W = 2 litres, T = 26-77° - 8-77° •■= 18° ; 
G = 0-344 ; 

and H = %£-¥= 104-65 calories. 
0o44 

A cubic foot of this gas would therefore have a calorific 
value of 104*65 calories. 

It should be observed that this is a ' gross ' value, which 
represents the total heat generated by the flame, including the 
whole of that of the hydrogen contained in the gas, which in 
the calorimeter is converted into water, and gives up its latent 
heat to the circulating water. 

It is therefore of importance to ascertain the ' nett ' calorific 
value of the gas used in such processes, which in many cases is 
10 per cent, less than the gross value. The calorimeter gives a 
ready method of determining the difference between these gross 
and nett values, as we have only to measure the quantity of 
water condensed in the apparatus and collected in the small 
measuring glass. For every cubic centimeter of this water, an 
allowance of 06 calorie must be made. As the quantity of 
water produced is proportionally small, it is advisable to burn 
a large quantity of gas, say 2 to 3 cubic feet, for these determi- 
nations. Supposing 2 cubic feet of gas condensed 53 c.c. of 
water, we should ascertain the calorific value of the latent heat 
of the condensed water, thus : — 

0-6 x 53 = 15 , 9 calorieg 
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which should be deducted from the gross value, leaving the nett 
calorific value equal to 88*75 calories per cubic foot. 

Professor William Bobinson, assisted by Mr. Alfred 
Hay, B.Sc, made with Junker's calorimeter a series of 130 
calorimetric tests with Nottingham gas. The author was 
present and assisted during one test. All temperatures are 
given in Centigrade, the heating values in calories. 



Tem- 
perature 

of 
Boom 



First day 
Second day 
Third „ 
Fourth „ 



Tern- | Tem- 
perature perature 



21 
22-5 
17-5 
175 



of 
Water 
Inlet 



15-322 
12-9 
13-71 
13-75 



of 

Water 

Outlet 



26-118 
27-68 
28-6 
28-53 



Rise in 
Tem- 
perature 



10-79 
14-78 
14-89 
14-78 



Gas 
burned 
cub. ft. 

per 
Minute 



Tem- 
perature 
of Pro- 
ducts of 

Com- 
bustion 



0-0407 
0-0584 
0-1103 
0-1103 



17-5 
17-4 



Con- 
densed 
Water 

per. 
cub. ft. 
of Gas 



Gross 

Calories 

per cub. 

feet 



25-7 
27-4 
26-43 
26-43 



Latent 
Heat of 
Steam 





o 


165-3 


15-4 


165-9 


16-4 


164-8 


15-86 


165-6 


15-86 



Nett 
Calories- 
per cub. 

foot 



149-9 
148-5 
148*94 
149-74 



During the first and fourth day, samples of the gas were 
analysed by Professor Frank Clowes, D.Sc. By calculation 
from analysis the heating value of the gas was ascertained to be 
164 calories gross, which fairly agrees with the above results. 

Professor Bobinson has also made some careful tests of 
Dowson gas, of which the following table gives the results : — 



Dura- 
tion of 
Time 


Tem- 
perature 
of Boom 


Tem- 
perature 

of 
Water 
Inlet 


Tem- 
perature 

of 
Water 
Outlet 


Rise in 
Tem- 
perature 


Gas 

Burned 
cub. ft. 

per 
Minute 


Tem- 
perature 
of Pro- 
ducts of 

Com- 
bustion 


Con- 
densed 
Water 

per 
cub. ft. 
of Gas 


Gross 

Calories 

per cub. 

foot 


Latent 
Heat of 
Steam 


Nett 
Calories 
per cub. 

foot 


Min. 





o 


o 


o 




o 










27 


22 


15-96 


30-385 


14-425 


0-3056 


19-6 


2-73 


37-56 


1-63 


35-93 


10 


23 


16-10 


28-65 


12-55 


0-2600 


19-4 


2-66 


88-1 


1-59 


36-51 


12 


24 


16-15 


28-49 


12-34 


0-2633 


19-5 


2*6 


37-17 


1-54 


35-63 


12 


24 


16-2 


28-9 


12-7 0-2667 

1 


19-5 


2-66 


37-84 


1-6 


36-24 








Mean . . 37-7-1-6=36-1 



The gas was taken from the main supply to the engine 
during a run. Becently ; by using a Shaw gas governor, much 
less variation is shown in the water outlet temperature, and 
the calorific value of the gas is thus exactly determined during 
the gas engine test. 
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CHABTEK XXXIII • 

DOWSON GAS 

The economical conditions of obtaining power from coal or 
coke are daily becoming more understood, and to obtain an 
indicated horse-power hour from one pound of coal is a great 
achievement ; but that it has been done is indisputable, the credit 
for which must to a great extent be given to Mr. J. Emerson 
Dowson, who has designed a plant for. the manufacture of 
producer gas, very suitable for a gas engine, with which the 
above result has been obtained. Dowson gas is made by forcing 
a mixture of steam and air through a mass of red-hot fuel, 
when not only is the steam decomposed into its constituent 
gases, oxygen and hydrogen, but a sufficiently high temperature 
is maintained in the generator to carry on the process con- 
tinuously and make the gas as it is required by the gas engine. 

A complete and compact set of his plant is shown at figs. 
191 and 192, capable of generating sufficient gas for 80 e.h.p. 

It consists of the boiler A, which is fitted with superheating 
tubes, B air injector, C gas generator, D feeding hopper, E fire 
bars, F gas cooler, G waste pipe, H hydraulic box, I overflow, 
J sawdust scrubber, K coke scrubber inside tank of gas holder, 
L gas holder, M outlet from gas holder to engine, N N ashpit for 
generator, automatic regulator to govern production of gas. 

The process is as follows. A current of superheated steam 
passes continuously, by a pipe from the top of boiler, through 
the injector, which consists of a nozzle inserted in the mouth 
of a conical tube, open to the atmosphere. 

The pressure of steam varies from 30 to 60 lbs. per square 
inch above the atmospheric pressure, according to the size of 
the apparatus used and the quantity of gas required. This 
pressure forces the mixture of steam and air upwards, through 
the incandescent fire in the generator. The steam is decom- 
posed in presence of the incandescent carbon, and the hydrogen, 
being free, passes off. The oxygen from the steam, as well as 
that from the air, combines in the first instance with the car- 
bon of the fuel to form carbonic acid. As this rises through 
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Figs. 191, 192. - dowson gas plant for 80 h.p. (effective) 
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the hot fuel it is reduced to carbonic oxide. The liberated 
oxygen combines again, partly with some of the carbonic oxide, 
to become carbonic acid, and partly with carbon to form car- 
bonic oxide. 

The gas used in the internal combustion engine should be 
clean and free from sulphur compounds, and it must be cooled 
to give a large amount of energy per unit volume in the cylin- 
der. Hence, for such purposes, it is best to use anthracite coal, 
which, being nearly pure, does not contain sulphur nor yield 
much ammonia, tar, or other products which readily condense 
and foul the pipes and valves. Good anthracite is also suit- 
able fuel for the generator, because it makes a dense fire, free 
from holes or passages, and it does not cake or yield much 
clinker. Ordinary gas coke in small pieces free from sulphur, 
which does not yield large quantities of clinker and which has 
been subjected to high temperatures in the retorts, is also used 
with good results. The gas is cooled by passing through the 
pipes F, then cleansed by passing through water in the hydraulic 
box H, then through the sawdust scrubber J on its way to the 
coke scrubber K inside the gas holder. The automatic regula- 
tor regulates the supply of steam to the generator and, within 
certain limits, governs the production of gas, by the rise or 
fall of the gas holder, and this not only avoids waste of fuel, 
but renders the storage of much gas unnecessary, as the pro- 
duction of gas is very rapid. 

Carbonic oxide -is- a very poisonous gas ? and devoid of 
colour, whilst having great heating power ; but Dowson gas 
has a characteristic though very slight smell, not readily de- 
tected, but, with the proper precautions of sound fittings the 
risk is reduced to a minimum. 

Unfortunately for Mr. Dowson, gas engine makers have not 
paid sufficient attention to the construction of engines to deal 
with producer gas to the best advantage. It is beyond dis- 
pute that good results are obtained from producer gas, even 
when using coke. The cost of maintenance of a boiler has 
long been known and accepted as inevitable. We may also 
accept the cost of a gas-producer plant, for a gas engine, though 
the up- keep will be less. 
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About four times the amount of Dowson gas is required 
than lighting gas in each charge which enters the cylinder of 
the gas engine. 

A safe rule for the size of gas supply pipe is one third of 
a square inch for each indicated h.p. when working under 
ordinary conditions. The ordinary method of mixing gas 
and air gives the best results with producer gas, though 
necessitating a specially constructed channel. The difficulty 
with producer gas is to get enough into the cylinder, with the 
required volume of air ; as the port in the cylinder is open for 
the same time as for town gas, it is important that the gas 
passages should be as free as possible, and that the valve should 
admit fully the extra quantity of gas. To ensure good working 
more ' lead ' is necessary with Dowson than with coal gas. 

The usual practice of regulating the air inlet near the com- 
bustion chamber does not give the best results, which the 
author has obtained by throttling the air at the extreme end of 
the air pipe and depending on the momentum generated in the 
column of air contained in the length of pipe when the piston 
is at its maximum velocity. By this method the gas is allowed 
to enter the combustion chamber freely and thoroughly mingle 
with whatever burned gases the cylinder may contain ; when, 
towards the end of the charging stroke, the piston speed lessens, 
there is considerable commotion in the air pipe, which assists 
the incoming gas thoroughly mingling with it. 

With an engine having a cylinder 19 x 30 inches stroke 
the author has found that the valves require cleaning, &c, as 
follows : 

Exhaust valve required cleaning and grinding in every six 
weeks. 

Air valve required .cleaning and grinding in every six 
months. 

Gas valve required cleaning and grinding in every two 
weeks. 

• This engine runs about 56 hours per week, and develops 
about 80 per cent, of its maximum power. 
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CHAPTEE XXXIV 

MANSFIELD OIL GAS 

Messes. Mansfield & Sons are makers and patentees of plants 
for making cheap gas from oil, sawdust, nut shells, mineral, 
vegetable, and animal matter. 

The Mansfield oil gas apparatus is shown at fig. 193. The 
producer or gas generator has a strong cast-iron casing D, 
lined inside with moulded fire clay blocks. The cast-iron 
retort C hangs by a flange on the fire clay cover, and can be 
lifted out or replaced in a few minutes. The retort is heated 
and kept up to the desired temperature, from 1,600° to 1,800° 
F., a bright cherry red, by a fire of coal, coke, wood, or other 
fuel, placed on bars at L and regulated to a nicety by the 
sliding grids M, the colour of the retort being observed through 
a sight hole. These retorts usually last two years with mode- 
rate use, and the clay blocks last for some two or three years. 
The trouble of screwing up and making joints in the ordinary 
way is obviated by the simple expedient of a socket in top of 
the retort, filled with melted lead, and a socket on top of the 
standpipe at N, kept filled with water. These are arranged to 
prevent the escape of gas, acting at the same time as safety 
valves, because, whenever any extraordinary back pressure 
occurs, the gas forces its way out at N or J. The lower end 
K of the standpipe dips into water in the hydraulic box G, 
which is regulated by the half -inch siphon bend J. Any accu- 
mulation of tar can be cleared out occasionally at the door K. 

To make gas, the usual procedure is to light the fire below 
the retort and keep up a regular'heat until the lead in the ring 
space C on the top of the retort is all melted, a sign that a 
sufficiently high temperature has been attained for the manu- 
facture of the gas. 

The can or cistern A is filled with oil or melted fat, which 
trickles into the funnel and through the half-inch siphon pipe 
B in a thin, continuous stream, one-sixteenth of an inch thick, 
into the upper part of the retort. The oil is vaporised in this 
pipe, and the oil vapour, passing down the interior into contact 
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with the sides of the retort, a cherry red heat, is decomposed 
or converted into ' fixed ' gas. The gas, after leaving the 
retort, passes through the bonnet E, down the standpipe F, 
into the water in the hydraulic box G, where tarry or other 
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condensable products are separated, and thence by the arch 
pipe H and connecting pipes to the gas holder, where it is 
stored, and when cool is ready to be used for heating or motive 
power, without any further treatment being necessary. 

A gentle pulsation of the lead at C, and in the water at N 
and J, is an indication of successful gas making, and the quality 
of the gas can be roughly tested at the small tap in the arch 
pipe H. 

To stop gas making turn off the oil tap and remove the 
oil cistern from its stand. Let the fire cool down gradually, 
keeping the furnace door closed about fifteen minutes. Shut 
the main cock leading to the gas holder. Then, before the 
lead sets, lift out the bonnet E, any residual gas being allowed 
to burn ; and, when cool, the retort, bonnet, and standpipe can 
be examined and cleared out, if necessary, with a scraper. 

In the United Kingdom the oils mostly used are the Scotch 
intermediate oils, so called because in flashing point and density 
they lie between burning oils and lubricating oils. This re- 
fuse of heavy paraffin from the Scotch distillers is of specific 
gravity 0*840 to 0-865, and lowest flashing point (close test) 
235° F. or 105° C. The oil is inexplosive and free from offen- 
sive smell. The Mansfield apparatus makes 1,000 cubic feet 
of gas from 7 to 9£ gallons of intermediate oil, which costs 51. 
per ton, or about tyd. per gallon. The cost of fuel in the fur- 
nace comes to less than Id. per 100 cubic feet of gas made (on 
a moderate scale), so that the total cost of fuel and mineral 
oil to make gas is about 6d. per 100 cubic feet. 

Messrs. Crossley state that with their 12 h.p. nom. engine 
the consumption of the Mansfield oil gas is 9 cubic feet per 
i.h.p. hour ; and the total cost of fuel used by the combination 
of engine and oil gas plant with intermediate oil is about \d. 
per i.h.p. hour. 

It is stated that an engine developing 13 i.h.p. with ordinary 
coal gas will develop more than 17 i.h.p. with oil gas. 

In Eussia the black crude oil, worth 10s. per ton, yields 80 
to 90 cubic feet of good lighting or motor gas per gallon. 
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Mansfield Sawdust Gas Apparatus 

Fig. 194 is a sectional elevation, and fig. 195 a plan, of the 
Mansfield Sawdust Gas Apparatus, suitable for making gas 
from sawdust, shavings, wood debris, mineral, animal, and vege- 
table matter. 

To make gas, the material for heating the retorts — by pre- 
ference coke or coal — is introduced into the furnace, and the 
vegetable refuse to be operated upon is fed into the hoppers. 
The regulation of atmospheric air for the combustion of the 
heating fuel is effected by sliding doors. The heated gas from 
the furnace, in the form of carbon monoxide, passes from 
the furnace into the combustion chamber, where it meets a 
quantity of air, which passes in from the outside of the appara- 
tus through regulated doors. The heated gas, on coming in 
contact with this supply of air, takes fire, afterwards passing 
over the partition walls, whence they emerge by a series of 
passages into the chimney flue, and so pass away to the outer 
atmosphere. 

The following experiments have been made in the carboni- 
zation of mixed sawdust : — 

Gas made per ton of sawdust, not purified, but corrected for 
temperature and pressure =18,292 cubic feet ; 

Illuminating power of the gas, 4*73 candles ; 

Illuminating power of the gas after passing through lime 
hydrate, 15*61 candles. 

Cost of Carbonizing Sawdust 

1 ton of sawdust, producing 18,000 cubic feet s. d. 

of gas — say 2 

Coke used to carbonize 1 ton of sawdust =560 

pounds at 10s. per ton . . . .26 

Labour — say 6 

5~~ 
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In addition to the large yield of gas, 1 ton of sawdust 
produces on an average 9-88 cwt. of pure powdered charcoal, 
for which a ready market should be found at about 30s. per 




ton. The gas has been tested with one of Messrs. Crossley's 
4 h.p. nom. engines, consuming 37*5 cubic feet of unpurified 
gas and 39*8 cubic feet of purified gas per b.h.p. hour. 
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Carbonization of Irish Bog 

Irish bog carbonized =42 lbs. 

Gas made =325*2 cubic feet corrected. 

Time to carbonize 42 lbs. of bog=l hour 55 minutes. 

Gas made per ton of bog =17,344 cubic feet corrected. 

The illuminating power of the gas after passing through a 
lime purifier on its way to the gas holder =12*06 candles. 

The volume of gas was corrected to 60° Fahr. and 30 inches 
of mercury pressure. 

The illuminating power of the gas was tested by Dr. 
Letheby's Photometer. A ' D ' argand burner was used, having 
fifteen holes and a 7 chimney. The gas was corrected to 5 
cubic feet per hour, and also for temperature and pressure. 

CARBONIZATION OF SUNFLOWER SEED SHELLS 



1 


Heat of 
Retort 

Good Red 

n 
ii 
i» 


Weight of 
Seed Shells 
Carbonized 


Quantity of 
Gas made 


Timeoccu- ! 
pied in Car- 
bonizing each 
charge 


Illuminating Power 


1 Charges 


Without Lime 
Purification 


With Lime 
Purification 


. First 
Second ' 
Third 
Four 
Fifth 


8 

8 
8 


Cubic feet 
67-16 
66-00 
66-30 
66-49 
6500 


Minutes 
17 
19 
19 
18 
20 


Candles 
. 6-43 


Candles 
15-74 


Tota 


Ls of five charges . . 330-95 | 93 






Average for each 8 lb. . . 66-19 | 18-6 





Gas made per ton (corrected for temperature and pressure), 
18,534 cubic feet. 

Charcoal made per ton, 1'25 cwt. 

In fine particles sulphuretted hydrogen was present in the 
gas at the outlet of condensers, and the gas was consequently 
passed through oxide of iron. No lime was used before passing 
the gas into the gasholder. The illuminating power of the 
gas corrected to 5 cubic feet per hour and for temperature and 
pressure. The gas was passed from the gasholder through a 
purifier filled with lime to free it from carbonic acid * (C0 2 ) ; 

1 The unpurified gas is quite as good for driving gas engines as it is after puri- 
fication by lime. 



MANSFIELD GAS PLANT 209 

after which the illuminating power of the gas (free from car- 
bonic acid) was 15*74 candles, corrected to 5 cubic feet per hour 
and for temperature and pressure. 

In testing the illuminating power of the gas a ' D ' Argand 
burner was used, having fifteen holes and a 7" x If" chimney. 

Analysis of the Sunflower Seed Shells Gas Unpurified 

Carbonic acid ..... 15*4 per cent. 

Oxygen Nil 

Hydrocarbons 4*4 per cent. 

Carbonic Oxide ..... 23*7 per cent. 

Messrs. Mansfield have made some experiments with refuse 
of olives, the crushed pulp left after olive oil is all pressed out. 
The yield equalled (15 candle power gas) 9,000 cubic feet per 
ton. These results are exceedingly good. 

Messrs. Mansfield commenced making oil gas apparatus a& 
far back as 1873. It is undoubtedly the longest lived and 
known oil gas apparatus system, and is in use nearly all over 
the world. 



CHAPTBE XXXV 

THE THWAITE MOTOR GAS PLANT 

The gas-making plant associated with the name of Mr. 
Dowson is useful only where fixed carbon fuels, such as anthra- 
cite and best coke, are used ; this, however, precludes the utilisa- 
tion of soft bituminous coal, and other cheap fuels. But 
Mr. Thwaite has designed a three cycle plant for this purpose. 
Fig. 196 shows a general arrangement of a plant erected under 
this system; fig. 197 elevation of (A) non-reversal cycle; 
fig. 198 sectional elevation ; and fig. 199 sectional elevation of 
(B) non-reversal cycle. 

The Thwaite non-reversal cycle is effected in the two forms- 
of plant marked by the figures 197, 198, and 199. 

It will be seen that, as in the Thwaite Duplex Cycle, there 
are two vessels, connected at their upper part by means of a 
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refractory lining. Both vessels act as generators, but the direc- 
tion of the action of gasification is in the left-hand one, of an 
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ascensional character, whereas in the right-hand vessel the 
direction of action is descensional. An air blast is introduced 
under the grate of the left-hand vessel, through the hydraulic 
bath of which it has to permeate. In its flow it takes over 
d certain proportion of moisture ; this is evaporated in contact 
with the incandescent fuel, and is eventually converted into 
hydrogen. 

If 




FlO. 197 ELEVATION OF THWAITE'S (a) NON- REVERSAL CYCLE GAS PLANT 

The air blast passes through the hanging fire-bars, suspended 
from a hanging cone B, carried by the brackets C that are 
bolted to the castings D. 

A secondary air supply is supplied to the fuel through the 
circular flue, from which it enters the fuel in well-distributed 
jets. A third air supply, if necessary, is supplied to the refrac- 
tory lined main connecting the two vessels. 

The moistened air blast entering the base of the left-hand 

p 2 
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vessel, in passing through the fuel, becomes converted, in con- 
junction with the fuel, into carbon-monoxide, hydrogen, and 
nitrogen. 

The secondary air blast partly consumes this gaseous fuel, 
and along with it the gases evolved from the hydrocarbons'of 
the newly introduced coals. If necessary the flame action is 
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Fig. 198. — sectional elevation of thwaite's (a) non-reversal cycle gas plant 

intensified by the tertiary supply of air. The flame, in descend- 
ing through the mass of fuel in the second vessel, raises the coal 
therein to a state of incandescence, and in passing descensionally 
through this heated carbonaceous column of fuel, the products 
of combustion of the gases generated in the first vessel are 
reconverted into carbon monoxide and free hydrogen. The 
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hydrocarbons of the fuel fed into both vessels are either oxidised 
or burnt by the supply of air, but the products of combustion 
are reconverted into C, O, and H, or if they descend through the 
incandescent column of fuel, they are split up by thermolytic 
action, the hydrogen being set free and the solid carbon 
remaining to be converted into carbon-monoxide. The gases 




ElG. 199. — SECTIONAL ELEVATION OF THWAITE'S (b) NON-BEVERSAL CYCLE GAS PLANT 



escape by the flues. The clinker and ash gravitates to the water 
base, from which they can be drawn away at any time. By 
this (A) non-reversal cycle any kinds of rich bituminous coal 
can be used for gas engine purposes. By the combined action 
of oxidation and thermolysis, the hydrocarbons are converted 
into fixed and non-condensible gases. Although this cycle i$ 



214 THE 'OTTO' CYCLE GAS ENGINE 

not so ingenious nor so perfect as the reversal one, it neverthel- 
ess enables common bituminous fuels to be used, and the plant 
is rather less expensive in cost of construction. 

The Thwaite (B) non-reversal cycle plant is shown in fig. 
199. The two vessels are connected together by an upper con- 
necting conduit. A is the active generating vessel, B the direct 
scrubbing and dust-catching vessel. The air is introduced by the 
dip pipe C and is compelled to flow through the water D, enter- 
ing into the cavity E, from which it enters the fuel between the 
hanging bars F ; the blast, carrying suspended moisture, flows 
through the fuel G, and the carbonic oxide and hydrogen gases 
pass through the connecting conduit H into the second vessel 
B, filled with coke, or even coal, because the sensible heat of 
the gases in the first vessel is sufficient to volatilise some of the 
higher olefiants of the hydrocarbons. The gases, along with 
the hydrocarbons that may be volatilised, flow descensionally 
through the coke in the second vessel, the tarry suspended 
matters being separated in their descent. The coke in the 
second vessel rests on the solid hearth I, where it is submerged 
in water J. The gas is compelled to flow through this water 
before it can escape by the outlet pipe K, because of the dip 
inverted cone L, and in its flow through this water the remain- 
ing sensible heat is, to a great extent, recovered by the water 
in the hydraulic bath. The heated water in the bath flows 
direct into the water bath of the second vessel, so that the 
steam arising in the first vessel passes into the fuel and increases 
the proportion of hydrogen in the gases produced. For some 
coals there will be no necessity to employ any further purifier 
than this second vessel. Any dirt or dust introduced into the 
first vessel with the coal is caught in the second vessel. The 
dirty coke or coal in the second vessel gradually gravitates to 
the base, and can be withdrawn without arresting the production 
of gas. The tarry matters are partially washed out of the coke 
when it gravitates to the base. The tar can easily be recovered 
from the hydraulic bath. 

This B cycle is the ideal one for using gas, coke, or fine 
anthracite, because with the single vessel the fine sulphur dirt 
br carbon is carried forward, at the velocity of the gases, into 
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the mains, and tends to clog them up. It is also an admirable 
plant for steam coals containing only a low proportion of hydro- 
carbons ; and coals with even a high proportion of hydrocarbons 
can be successfully used with this B cycle plant. 

The coke for the second vessel is introduced by a retort 
type of hopper K. 



Abstract of Beport on Experiments made at the Motor Gas Plant 
Syndicate's Demonstration Station at Stoke Newington, on 
their Thwaite ' Simplex ' and i Duplex ' Motor Gas Pro- 
ducers, with various kinds of fuels. By Mb. Geobge 
Cawley, M.I.M.E. 

' The comparative efficiency of the gas plant is most con- 
veniently expressed by stating the required weight of any given 
fuel to produce one indicated horse-power per hour in the gas 
engine. The fuels used are anthracite, steam coal, slack, and 
coke. In the " Simplex " producer the fan blast is introduced 
above the grate level, and it passes up through the body of the 
fuel to form "producer gas." In the "Duplex" producer, 
instead of the gas passing off direct from the top, it is made, 
after being first formed in one cupola, to pass down through 
the incandescent fuel in the other, the object aimed at being 
the conversion and utilisation of the crude tarry hydrocarbon 
vapours, evolved in the first cupola, into a permanent gas. In 
order that this action may go continuously it is arranged that 
the direction of flow of blast and gas may be reversed at 
frequent intervals. This is effected automatically by means of 
a hydraulic tumbler. In this way a gas is made suitable 
for gas engines from bituminous coal or even from slack of 
indifferent quality. 

' In the " Simplex " producer the fan blast is introduced 
above the grate level, and it passes up through the body of the 
fuel to form " producer gas." 

' In the "Duplex " producer, instead of the gas passing off 
direct from the top, it is made, after being first formed in one 
cupola, to pass down through the incandescent fuel in the other, 
the object aimed at being the conversion and utilisation of the 
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•crude tarry hydrocarbon vapours, evolved in the first cupola, 
into a permanent gas. In order that this action may go on 
continuously it is arranged that the direction of flow of blast 
and gas may be reversed at frequent intervals. This is effected 
automatically by means of a hydraulic tumbler. 



'PRELIMINARY MEASUREMENTS AND CALIBRATIONS 

1 Fuel. — The density of the four fuels — namely, anthracite, 
steam coal, slack, and coke — were determined in the following 
manner. 

* An empty galvanised iron pail was weighed on a spring 
balance, and its weight was noted. It was then filled with 
water, at a temperature of 60° Fahr., and again weighed. The 
nett weight of the volume of water contained in the pail was 
thus obtained. The pail was then filled with fuel, whose 
density was to be obtained, and the nett weight of the pailful 
of fuel obtained in a similar way. 

Jf W = the nett weight in lbs. of a pailful of water at 
62° Fahr. ; 
F = the nett weight in lbs. of a pailful of the fuel ; 
C = the weight of a cubic foot of water at 62° Fahr. ; 
D = the weight of a cubic foot of the fuel in lbs. ; 

Then D = %g . 
W 

'Description of fuels used. — The anthracite was stated to be 
" Hendref organ Anthracite " ; the steam coal " Brethy Steam 
Nuts " ; the slack was a very common slack from the Wigan 
district ; and the coke was the usual quality gas-works coke. 

* Spring balances. — The Salter spring balances used on the 
engine friction brake, and that used for weighing the fuel, were 
tested by hanging from them stamped scale weights, and were 
found to indicate correctly. 

' Large gas engine. — The diameter of the piston and fly- 
wheels and the length of the stroke were ascertained by actual 
measurement. 

1 Boiler feed water. — This was measured in a wrought-iron 
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tank, by computing the weight of water contained in it per 
inch of depth. 

' Gasholder. — The vertical content scale affixed to the holder 
tank was calibrated by first emptying the holder to the zero 
point of the scale, and then passing successively 100 cubic feet 
volumes of town's gas into it, as measured by the gas meter in 
the engine house. After the passagfe of each 100 cubic feet, a 
mark was made on the scale, and the divisions thus made were 
afterwards divided into tenths, corresponding to volumes of 
ten cubic feet. 

' The indicator. — A Tabor indicator was used to determine 
the indicated horse-power, and was carefully cleaned and oiled 
before each series of diagrams were taken.' 



'METHOD OF CAKRYING OUT THE TESTS 

* The results aimed at were briefly : — 

1 1. To determine the volume and temperature of gas made 
per pound of fuel supplied to the producer. 

'2. To determine the power-producing quality of the gas 
made during a given test, by passing it through the gas engine 
under ordinary working conditions, and noting the cubic feet 
of gas consumed per indicated and brake horse-power per hour. 

' To obtain result 1 involves the determination of the weight 
of the fuel consumed in the producer during a given time ; and 
to do this accurately it is necessary that the weight of fuel in 
the producer at the beginning and end of the test should be 
determinable. 

1 In the Simplex producer the maximum percentage of error 

would be w - , where W is as before the total weight of 

W 

fuel consumed during a given test. 

' In the eight hour tests referred to in this report the error 

due to gauging is not likely to exceed 8 per cent. The other 

determinations necessary to obtain results 1 and 2 offered no 

special difficulty, and the results obtained are within the usual 

limits of accuracy. 
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' The fuel charged into the producers was carefully weighed 
in 10 lb. lots in an iron pail upon a small Salter's spring balance, 
graduated up to 15 lbs. 

' The volume of gas coming from the producer was measured 
by a holder scale every quarter of an hour. 

1 The method adopted for testing the quality of the gas in 
the gas engine was the following : — When the friction brake 
and indicator gear were fully arranged, the supply of town's 
gas was shut off from the engine, and the producer gas, stored 
in the holder, introduced in its place. This change of gas 
necessitated some adjustment of the air supply valve and 
sparking arrangement; and when this was effected, and the 
engine running at its maximum power, the gas quality test was 
commenced at a given signal, when three assistants attended to 
the following matters. One put the revolution counter gear, 
having previously noted its figures ; another made a pencil 
mark on the tape of the explosion recorder just below the 
gripper rollers ; while the third noted the volume of gas in the 
holder. The brake test was continued for fifteen minutes 
exactly, during which time ten indicator diagrams were taken, 
and an equal number of readings taken from the spring balances 
of the friction brake. At the end of the quarter of an hour, 
and at a given signal, the revolution counter was drawn out of 
gear, the explosion recorder tape again marked, and the volume 
of gas taken from the holder during the test noted. From the 
data thus obtained the volume of gas required for each indi- 
cated and brake horse-power per hour was determined, and also 
the mean number of revolutions of the engine per minute, and 
the number of " miss-fires " of the explosive gases admitted to 
the cylinder. 

' The accompanying tables referring to each day's test show, 
in a detailed manner, the general results obtained. As the fan 
for providing the producer blast would be in ordinary practice 
driven by the main engine using power gas, I have assumed 
that it was so driven, and that one brake horse-power is required 
to drive it. This is amply sufficient, as shown by the con- 
sumption of town's gas in the small gas engine now driving 
the fan. An allowance has been made for the fan on this 
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basis, in determining the coal used per indicated horse-power 
per hour in the large engine.' 



TABLE 1a 

'Experiments on the "Duplex" Gas Producer using Steam Coal as 
Fuel, and Fan-blast 

GAS VOLUME TEST 

Date of trial April 2, 1895 

Time of trial 10 a.m. to 6 p.m. 

Duration of trial Eight hoars 

Condition of weather Fine but cloudy 

Average temperature of outside air 46° Fahr. 

Average temperature of gas when entering holder . . . 62° Fahr. 
Pressure of gas in holder, in inches of water . . . .1-5 
Average pressure of crude gas in producer delivery-pipe, in inches 

of water 3-57 

Density of steam coal used per cubic foot, in lbs. . . . 47*18 

Weight of steam coal per inch depth of both cupolas, in lbs. . 13-88 

Total volume of gas produced during trial, in cubic feet . . 34*020 

Average volume of gas produced per hour, in cubic feet . . 4,252*5 
Volume of gas produced per lb. of steam coal supplied, in cubic 

feet 54*04 



TABLE 1b 

GAS QUALITY TEST 

Date of trial April 2, 1895 

Time of trial 7p.m. to7.15p. 

Duration of trial Fifteen minutes 

Diameter of gas engine cylinder in inches 13 J 

Length of stroke in inches 22 

Length of ' working stroke ' per revolution in inches • .11 

Nature of load on engine Friction brake 

Power Engine running 

with gas inlet 
valve full open 
Total revolutions of engine in fifteen minutes .... 2,625 

Average revolutions of engine per minute 175 

Mean effective radius of brake lever, in feet . . . . 3*03 
Average nett load due to spring balances, in lbs. (I.) . . 21| 

Brake horse power 2 J ' *-- 21-77 

o 3,000 

Number of indicator cards taken 10 
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Scale of indicator spring ^ inch 

Average mean pressure, neglecting pumping stroke, in lbs. 

per square inch 46-35 

Nett mean effective pressure after allowing for work done in 

pumping stroke, in lbs. per square inch .... 44*92 
Average maximum initial pressure above atmosphere, in lbs. 

per square inch 156*8 

Maximum possible explosions per fifteen minutes . . . 1312*5 

Maximum possible explosions per minute : 37*5 

Total actual explosions in fifteen minutes shown by explosion 

recorder 1,312 

Average number of actual explosions per minute . . . 87*46 

Average indicated horse-power . 29*54 

Indicated horse-power capacity of producer as deduced from 

gas production test 54*10 

Gas used by engine in fifteen minutes, in cubic feet . . 555 

Gas used i.h.p. per hour, in cubic feet (including fan). . . 78*6 

Coal required per i.h.p. per hour (neglecting fan) in lbs. . . 139 

Goal required per i.h.p. per hour to drive fan (estimated) . 0*07 

Total coal required per i.blp. per hour (including fan) . . 1*46 



TABLE 2a 

• Experiments on the " Duplex " Gas Producer, using Slack as Fuel 

and Fan-blast 

GAS VOLUME TEST 

Date of trial April 3, 1895 

Time of trial 11 a.m. to 7 p.m. 

Duration of trial . . .... . . . . .8 hours 

Condition of weather ... . Fine but cloudy 

Average temperature of putside air 47° Fahr. 

Average temperature of gas when entering holder . . . 50*5° Fahr. 
Average pressure of crude gas in producer delivery pipe, in inches 

of water . 3*25 

Density of slack used per cubic foot, in lbs 48-18 

Total nett weight of slack fed into cupolas during trial, in lbs. . 542-25 
Average nett weight of slack fed into cupolas during each hour, ' 

in lbs. . ... . 67*78 

Total volume of gas produced, during trial in cubic feet . . 23312-5 

Average volume of gas produced per hour, in cubic feet . . 2976*56 

Volume of gas produced per lb. of slack supplied, in cubic feet . 4391 
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TABLE 2b 

GAS QUALITY TEST 

Date of trial April 3, 1895 

Time of trial 7.15 p.m. to 7.S0 p.m. 

Duration of trial • . . Fifteen minutes 

Diameter of gas engine cylinder, in inches . . . 13£ 

Length of stroke in inches 22 

Length of working stroke per revolution, in inches . 11 

Nature of load on engine Friction brake 

Power • . Engine running with gas 

valve full open 

Total revolutions of engine in fifteen minutes . . 2,466 

Average revolutions of engine per minute (n) . . 164*4 

Mean effective radius of break lever, in feet (r) . 3*03 

Average nett load due to spring balances, in lbs. (1) . 205*35 

Brake horse-power 2 J "* 19*48 

oo,000 

Number of indicator cards taken . . . . .10 

Scale of indicator spring . . . . . ^ inch 

Average mean pressure, neglecting pumping stroke, in 

lbs. per square inch 46*53 

Nett mean effective pressure, after, allowing for work 

done in pumping stroke, in lbs. per square inch . 46*08 * 
Average maximum initial pressure above atmosphere, 

in lbs. per square inch 164 

Maximum possible explosions in fifteen minutes . . 1,233 

Maximum possible explosions per minute . . . 82*2 
Total actual explosions in fifteen minutes, shown by the 

explosion recorder 1,233 

Average number of actual explosions per minute . . 82*2 

Average indicated horse-power 27*69 

Indicated horse-power capacity of producers, as deducted 

from gas production test . . . . . 33*77 

Gas used by engine in fifteen minutes, in cubic feet . 580 

Gas used by engine per hour, in cubic feet . . . 2,320 
Gas used per i.h.p. per hour, in cubic feet (including 

fan) 88*12 

Slack required per i.h.p. per hour (neglecting fan), in lbs. 1*91 

Slack required per i.h.p. per hour to drive fan (estimated) 0*10 

Total slack required per i.h.p. per hour (including fan) 2*01 



222 THE 'OTTO' CYCLE GAS ENGINE 



T4BLE 8a 

'Experiments on the " Simplex 19 Gas Producer, using Coke* as fuel, 
and Steam-blast 

GAS VOLUME TEST 

Date of trial . . . April 1, 1895 

Time of trial . . • . 10.45 a.m. to 4.45 p.m. 

Duration of trial Six hours 

Condition of weather Cloudy with occasional 

showers 

Average temperature of outside air ... 47° Fahr. 

Average temperature of gas when entering holder. . 81*9° Fahr. 

Pressure of gas in holder, in inches of water. . 1*5 

Average pressure of crude gas in producer delivery pipe, 

in inches of water 4-41 

Density of coke used per cubic foot, in lbs. i . . . 27*25 
Average net weight of coke fed into cupola during each 

hour, in lbs 73-87 

Total volume of gas produced during trial, in cubic feet 37,485 

Average volume of gas produced per hour, in cubic feet 6,247*5 
Volume of gas produced per lb. of coke supplied, in 

cubic feet . 84*57 

Weight of steam used for steam blower during trial, 

in lbs 450 

Weight of steam used for steam blower per hour, in lbs. 75 
Estimated equivalent weight of coke to raise steam for 

steam blower in lbs 90 

Estimated equivalent weight of coke to raise steam for 

steam blower per hour, in lbs 15 



TABLE 8b 

GAS QUALITY TEST 

Date of trial April 1, 1895 

Time of trial 5.30 p.m. to 5.45 p.m 

Duration of trial Fifteen minutes 

Diameter of gas engine cylinder, in inches . . . 13 J 

Length of stroke, in inches 22 

Length of * working stroke ' per revolution, in inches . 11 

Nature of load on engine Friction brake 

Power Engine running with gas 

valve full open 

Total revolutions of engine in fifteen minutes . . 2,572 
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Average revolutions of engine per minute (n) . . 171*5 

Mean effective radius of brake lever, in feet (r) . . 3*03 

Average net load due to spring balances, in lbs. (I) . 203*58 

Brake horse-power r n - 20*14 

r 33,000 

Number of indicator cards taken .10 

Scale of indicator spring ^ inch 

Average mean pressure, neglecting pumping stroke, in 

lbs. per square inch 46*2 

Net mean effective pressure, after allowing for work 

done in pumping stroke, in lbs. per square inch . 44*63 
Average maximum initial pressure above atmosphere, 

in lbs. per square inch 182 

Maximum possible explosions in fifteen minutes . . 1,286 

Maximum possible explosions per minute • . . 85*73 
Total actual explosions in fifteen minutes shown by the 

explosion recorder . 1,284 

Average number of actual explosions per minute . . 85*6 

Average indicated horse-power 28*71 

Indicated horse-power capacity of producer, as deduced 

from gas-production test 64*52 

Gas used by engine per hour in cubic feet . . . 2,780 

Gas used per i.h.p. per hour, in cubic feet . . . 96*83 
Coke required per i.h.p. per hour (neglecting steam 

blower) in lbs. . . 1*14 

Coke required per i.h.p. per hour for raising steam for 

steam blower in lbs 0*52 

Total coke required per i.h.p. per hour (including steam 

blower) in lbs 1*66 



TABLE 4a 

4 Experiments on the " Simplex " Gas Producer , using Coke as fuel, 

and Fan-blast 

GAS VOLUME TEST 

Date of trial April 4, 1895 

Time of trial 10.15 a.m. to 4.15 p.m. 

Duration of trial Six hours 

Conditions of weather Dull, but fine 

Average temperature of outside air ... . 46° Fahr. 

Average temperature of gas when entering holder • 59*25° Fahr. 
Pressure of gas in holder, in inches of water . .1*5 
Average pressure of crude gas in producer delivery pipe, 

in inches of water 4*21 

Density of coke used per cubic foot, in lbs. . • • 27*25 

Weight of coke per inch depth of cupola, in lbs. • • 5*59 
Total net weight of coke fed into cupola during trial, 

in lbs 378*75 



224 THE 'OTTO' CYCLE GAS ENGINE 

Average net weight of coke fed into cupola daring each 

hour in lbs 63*125 

Total volume of gas produced during trial, in cubic feet 31,150 

Average volume of gas produced per hour, in cubic feet 5,191*6 
Volume of gas produced per lb. of coke supplied, in 

cubic feet 82*24 



TABLE '4b 

GAS QUALITY TEST 

Date of trial April 4, 1895 

Time of trial 5 p.m. to 5.15 p.m. 

Duration of trial Fifteen minutes 

Diameter of gas engine cylinder, in inches . . . 13£ 

Length of stroke in inches 22 

Length of ' working stroke ' per revolution, in inches . 11 

Nature of load on engine Friction brake 

Power Engine running with gas 

valve full open 

Total revolutions of engine in fifteen minutes . . 2,703 

Average revolutions of engine per minute (n) . . 180*2 

Mean effective radius of brake lever, in feet (r) . . 3*03 

Average net load due to spring balances, in lbs. (I) . 183*33 

2 T 11 I 

Brake horse-power -— 19*06 

33,000 

Number of indicator cards taken 10 

Scale of indicator spring ^ inch 

Average mean pressure, neglecting pumping stroke, in 

lbs. per square inch 41*44 

Net mean effective pressure, after allowing for work 

done in pumping stroke, in lbs. per square inch . 40*7 
Average maximum initial pressure above atmosphere, 

in lbs. per square inch 130*73 

Maximum possible explosions in fifteen minutes . . 1,351*5 

Maximum possible explosions per minute . . . 90*1 
Total actual explosions in fifteen minutes, shown by 

explosion recorder 1,333 

Average number of actual explosions per minute . . 88*85 

Average indicated horse-power * 27*18 

Indicated horse-power capacity of producer, as deduced 

from gas-production test - 52*2 

Gas used by engine per hour*, in cubic feet . . . 2,568 
Estimated volume of gas required to drive fan, in cubic 

feet per hour 135 

Gas used per i.h.p. per hour, in -cubic feet (including 

fan) ............ 99*45 

Coke required per i.h.p. per hour (neglecting fan), in lbs. 1*15 

Coke required per i.h.p. per hour to drive fan (estimated) 06 

Total coke required per i.h.p. per hour (inoluding fan) 1*2.1 
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Comparison of Fuel Consumption per I.H.P. per hour, between 
high-class Steam Engines and Boilers, and your Gas- 
producer Plant with a good Gas Engine 

' In basing the comparison between the fuel consumption per 
indicated horse-power per hour, as given in diagram V., and that 
obtaining in modern high-class boilers and steam engines, per- 
haps the. most reliable figures that can be taken to represent 
boilers and engines, as working in actual practice, are those 
given by the Research Committee of the Institution of 
Mechanical Engineers, in connection with the propelling 
machinery in the six steamers named as follows : " Meteor," 
" Colchester," " Tartar," "Fusi-yama," " Iona," and " Ville de 
Douvres." These figures refer to marine engines of fairly large 
power, and generally designed with a view to the promotion of 
economy of fuel. They may, therefore, be accepted as having 
a higher range of working economy than even the higher class 
of stationary steam engines of a power corresponding to that 
shown in the accompanying tables, which is in every case under 
30 i.h.p. But in order to do full justice to the steam engine 
in this comparison, I will take the Research Committee's results 
as representing its economy. 

' To form a fair comparison, it is well to at first consider the 
relative calorific values of the fuels used in each case. The 
mean equivalent carbon value of the various steam coals used 
by the Research Committee was 0*952. In the absence of 
calorimetric tests of the fuels used in your gas producers, I will 
assume the following equivalent carbon values, which, judging 
from former experiments, will be a fair approximation : — 

Assumed carbon values 

Steam coal 1-000 

Anthracite 0-920 

Coke 0-900 

Slack 0-820 

' The Research Committee's results show that the fuel 
required in the six vessels above named was 206 lbs. per i.h.p. 

Q 
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per hour, as expressed in carbon value. If we take this weight 
as expressing the unit of economical efficiency for steam engines, 
the comparative efficiency of your plant is shown in the follow- 
ing table : — 



COMPARATIVE EFFICIENCY AS REGARDS FUEL CONSUMPTION 
PER I.H.P. PER HOUR 



Nature of Fuel 


Steam engines and Boilers 


Gas producer and Gas engine 


Various steam coals . 

Steam coal. 

Anthracite .... 

Coke 

Slack 


100 

»» 

»» 


1-34 

1-60 (?) (steam blast) 

1-80 

1-19 (fan blast) 



' In connection with the above figures, it may be stated that 
they are strictly net, as regards your plant, for full allowance 
has been made in the way of fuel-equivalent for the steam and 
fan blast, and in computing the indicated horse-power from the 
indicator diagrams. 

' I have purposely confined myself in the foregoing com- 
parison to the relative weight of fuel alone.' 



CHAPTEE XXXVI 



GAS ENGINE TESTS 



The author was pleased to receive an invitation from Professor 
Capper, to be present on January 10 and 11, 1895, when a 
7 h.p. nom. engine by Messrs. Crossley Bros, was tested in 
his laboratory at King's College, London, for purely scientific 
purposes. 

I have Professor Capper's permission to publish the follow- , 
ing report : — 

In gas engine trials it has hitherto been usual to assume 
that the temperature of the explosive mixture during constant 
volume ignition varies directly as the pressure. As this treat- 
ment does not seem altogether justifiable, I have recently car- 
ried out a number of trials in my laboratory in which complete 
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gas and exhaust analyses have been made for me by Mr. G. N. 
Huntley, A.E.C.S., F.I.C.S., and the temperatures and heat 
additions have been calculated from the constants so obtained. 

The following full-power trial will illustrate the method. 

This trial was carried out on January 10, Mr. W. Norris, 
M.I.Mech.E., being present. 

The engine was run in working condition, the last time it 
was disconnected for cleaning being some eight months before 
the trial. 

Engine. — The engine is a 7 nom. h.p. Crossley engine with 
tube ignition and loaded ball governor. It was built in 1892, 
and has been in constant use driving the workshops and run- 
ning experimental trials ever since. Its cylinder is 8*5 inches 
diameter x 18 inches stroke. The clearance volume is '2467 
cubic feet. 

Trial. — The trial on January 10 lasted forty minutes, indi- 
cator diagrams and all other observations being taken every five 
minutes. 

Indicator Diagrams. — A Wayne indicator, calibrated under 
steam upon my mercury column, was used. For the power 
diagrams a y^iy spring and for the pumping stroke a -j^ 
spring was employed. From the indicator diagrams (see fig. 



Card token aX 3.04 pm. 

N[tan pressure 600 




Indicator Card 



Fl/kL Size. 

Fig. 200 
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200) which approached nearest to the average of the whole 
number taken, a mean diagram has been drawn on an enlarged 
scale, shown in fig. 201. A pumping diagram is shown, actual 
size, in fig. 202. 

q 2 
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Brake, — A simple rope brake passed once completely round 
the flywheel, and to one end was attached a spring balance and 
to the other a dead load. The flywheel has an effective cir- 
cumference of 17*458 feet. 

Gas Meter. — The gas was measured by a standard meter 
made by Messrs. Alexander Wright & Co. for the Society of 
Arts motor trials. It now belongs to my laboratory and can be 
accurately read to y^- of a cubic foot. 

The ignition gas was measured through a smaller meter, 
which can be estimated to -^ihiy °^ a cubic foot. 

Sampling. — The gas was sampled by Mr. Huntley over 
water through a bye-pass close to the meter, a continuous sam- 
ple being taken for the whole period of trial. For the exhaust 
a continuous stream was sucked through a small pipe by a 
vacuum pump, the sample being taken at right angles to the 
floor of the main stream. The whole arrangement was devised 
by Mr. Huntley, and a very perfect average sample of gas and 
exhaust could thus be obtained. 

Water. — The jacket water was run to waste over a syphon 
pipe, and was measured in calibrated tanks before it entered the 
jackets. The inlet and outlet temperatures were taken on 
standardised thermometers. 

Counters. — Both revolutions and explosions were recorded 
by mechanical counters. 

Power Developed. — The mean pressure from the nine dia- 
grams is 60*3 lbs. per square inch, and the explosions being 
84-7 per minute, the gross i.h.p. works out to 13*2. The mean 
pressure during the pumping stroke is 1*6 lb. per square inch, 
which should be subtracted from the 60*3 lbs. above to give the 
true effective mean pressure. 

The net effective h.p. would then be 12*8. 

With a net load of 126 lbs. and 172*1 revolutions per minute 
the brake h.p. = 11*47. 

Mechanical Efficiency. — The mechanical efficiency will then 
be 89*6 per cent, reckoned on the net i.h.p., and 86*8 per 
cent, reckoned on the gross i.h.p. 

Air used. — The air consumed was not directly measured, 
but its amount can be very closely calculated by the following 
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indirect method. The gas per explosion was -0592 cubic foot, 
and the temperature of the meter being 51° Fahr. and the pres- 
sure of gas 14*75 lbs. per square inch, its specific volume would 

be %-r-J;„ — T, M M . The value of n obtained from the analysis 
14*75 x 144 J 

of the gas is 128-1, and the specific volume therefore would 

equal 30-95 cubic feet per lb. The weight of gas used per 

•0592 
explosion is therefore Qn . Q v = '00191 lb. On entering the 

cylinder this gas would be raised in temperature to a point 
which may be assumed to be midway between the outlet tem- 
perature of the jacket water and the meter temperature ; here 
60° to 89° Fahr., or 550° Fahr. above absolute zero. 

The pressure at the end of the suction stroke measured upon 
the pumping cards is 13*1 lbs. per square inch. The specific 
volume of the gas on entering the cylinder is therefore 

128*1 x 550 

_— , -TT- = 37*35 cubic feet per lb., and the volume occupied 

131 x 144 

by the gas = -00191 x 37*35 = -07145 cubic foot. 

The total volume (cylinder +. clearance) being *8377 cubic 
foot, there remains -8377 — -07145 cubic foot to be occupied by 
air and exhaust products from the last explosion. The ex- 
haust products will amount approximately to the volume of the 
clearance = -2467 cubic foot, and their specific volume being 
(from the value of n obtained from the exhaust analysis, 

556 x 550 
viz. 556) — 3-q = 16*21 cubic feet per lb. ; their weight 

will be ^J J = -01521 lb. 
16*21 

The air will therefore occupy *8377 - (07145 + 2467) 

= -5196 cubic foot. Its specific volume will be ~ -_^-- rr 

131 x 144 

= 15*51 cubic feet per lb., and its weight, J-1S = * 03349 lb - 

15*51 

The total weight of the charge will therefore be (-00191 
+ -0152 + -03349) = -05061 lb. 

The ratio ^ and products fe } -76625 10*72 

~«~ J ^^-^ -07145 1 
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mi . • air and products , . , , -04870 25*5 

The ratio - ^ — by weight = .^^ = -.. 

Exclusive of products ) air , , -5196 7*27 

of exhaust J gas y me 07145 ~T~ 

-03349 17-5 
•001913 1 

Temperatures (figs. 203 and 204). — The constants required 
for the calculation of the temperatures at the different points 
of the stroke will be as follows. From the analysis of the gas, 
its specific heat at constant volume (K v ) and at constant pres- 
sure (K p ) are (in foot lbs.) 

K v = 404-29) 



by weight 



K p = 532-42 



K D - K v == N = 1281 



*-p 



Ratio Jh = V = 1-316. 

For the exhaust products after explosion the corresponding 
values are 

5 P = «n ol Difference K p - K v = N = 55-6 
xL v = loir 2x J 

Eatio §H = V = 1-370. 



For air the corresponding values are 
K p = 184-8 
K v = 131-6 



Kp ~ *of ?l Difference K - K v = N = 532 



Eatio 5 s = V =1-404. 

For the mixture, air, gas, and exhaust products before explo- 
sion, in which 6615 per cent, is air, 3-8 per cent, gas, and 30-05 
per cent, exhaust products, by weight, the values should be — 
K p = -6615 x 184-8 + -038 x 532-4 + 3005 x 2058 = 203-9 
K v = -6615 x 131-6 + -038 x 404-3 + -3005 x 1502 = 147^5 

Difference K - K v = N = 564 

Eatio ?-? = V = 1-39. 

As a check upon this last value N may be found from the 
known conditions of temperature, pressure, and volume at com- 



232 



THE 'OTTO' CYCLE GAS ENGINE 

13-1 x 144 x -8377 



550 x -05061 



mencement of the stroke, namely, N = 

= 56*7. 

The two values are here practically identical, showing that 
no serious error has been introduced by the above assumptions. 

The expansion curve on the mean diagrams and the com- 

TEMPERATURE DIAGRAM 



^ 



f gr cnbine 






Scale »r Tcmpci lATimtf 



Dior :■» r+*n 



Fig. 203 

pression curve may be expressed by an equation of the form 
PY n = a constant. For the expansion curve the value of ' N * 
is 1*31, and the compression 1*37. For adiabatic expansion the 
corresponding value would be 1*37, and for compression 1*39. 
The compression is therefore very nearly adiabatic, while during 
expansion a considerable amount of heat must have been 
added. 

For the purposes of calculation the curves have been drawn 
with these indices and the theoretical card marked ABODE 
assumed. 
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Its area is equivalent to 5,307 foot lbs., while the area of the 
. actual mean card is equal to 5,140 foot lbs. 

The temperature at A has, as already stated, been assumed 
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equal to 550° above absolute zero Fahr. At B on the theoretical 
card the temperature will be — taking the value of N for this 

part of the cycle as 56-4 above, 699 x '2467 x 144 = 86go absQ- 
r J 56-4 x -05061 
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lute (69*9 x 144 being the pressure per square foot, and 



•05061 
the specific volume of the charge at B). 

At C the pressure is 199 x 144 = the specific volume / ^ / ^„ 

•05061 

and the value of N after explosion 55*6. 

rm. 4. x . n t 199 x 144 x -2467 OK1AO 

The temperature is, therefore, — -— — /*k/wi = 2510° 

55*6 x -05061 

absolute. 

At D the pressure is 199 x 144, and the specific volume 

•2641 ,,, , . ,, - 199 x 144 x 2641 0AQr > 

- the temperature is therefore— -- — — = 2690° 



•05061 ' r 556 x 05061 

absolute. 

At E, the pressure being 44 x 144 pounds per square foot, 

•8377 
and the specific volume ^^r^, the temperature is 

•05061 

44 x 144 x -8377 1QQKO , , . 
-KfCa — a^t-= 1885 absolute. 
55*6 x -05061 

The temperatures at a number of intermediate points have 
similarly been calculated, and the temperature diagram, fig. 203, 
plotted, in which the full line corresponds to temperatures cal- 
culated from the theoretical diagram, and the dotted line to the 
actual mean diagram. 

Heat added. — From these temperatures the units of heat 
added at each part of the cycle may be found as follows : 

During compression from A to B the mechanical equivalent 
of the heat added will be equal to the increase in the internal 
energy of the charge during the process, i.e. K V (T 2 — T x ) 
x weight of charge=147-5(869-550)-05061=2,380 foot lbs. 

Similarly from B to C the heat added equals 150*2(2,510— 
869) -05061 = 12,470 foot lbs. 

From C to D=K P (T 2 -T,) x weight of charge= 205*8(2,690 
-2,510)-05061 = 1,845 foot lbs. 

During expansion the heat added will be equal to the differ- 
ence between the work done and the loss of internal energy 

from D to E. The work done will equal - ^ -""v 2 x weight 

w — 1 
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of charge=( 199x - 2641 -f x - 8377 ) 144 , 2641 and 8377 being 

equal to the total volume occupied by the charge at D and E 
respectively : that is, the specific volume v l and v 2 multiplied 
by -05167, the weight of the charge. This equals 7,290 foot lbs. 

The loss of internal energy from D to E will equal 
K^Ti-Ta) x weight of charge=150-2(2,690-l,885) x -05061 
= 6,105 foot lbs. 

During the expansion, therefore, 7,290 — 6,105 = 1,185 foot 
lbs. must have been added. 

The total heat accounted for by the diagram is, therefore, 
2,380 + 12,470 + 1,845 + 1,185=17,880 foot lbs. 

Exhaust. — If from this sum we subtract the total amount 
of work done during the cycle, the remainder will equal the heat 
rejected in the exhaust. The work done during constant pres- 
sure expansion C to D equals p^v^ — v ,)=■- 44 x 199 x (-2641 — 
•2467) =499 foot lbs. 

The work done during expansion from D to E is, as above, 
7,292 foot lbs. The total work is, therefore, 7,290 + 499 = 7,789 
foot lbs. Subtracting this from 17,880 foot lbs. above, the 
remainder (17,880 -7,789) = 10,096 foot lbs. will represent the 
heat rejected in the exhaust. 

This may be checked by direct calculation from the known 
temperatures at E and A, for the loss of internal energy in com- 
pleting the cycle from E to A will evidently be the amount of 
heat rejected in exhaust. This will equal K^Tj — T 2 ) x weight 
of charge=150-2(l,885-550)-05061 = 10,140 foot lbs., which 
corresponds with the quantity found indirectly above well 
within the limits of accuracy possible in measurements of this 
kind. 

Heat rejected in jackets. — The jacket water used per explo- 
sion being -18 lb. and the rise in temperature 89*2° Eahr., the 
mechanical equivalent of the heat rejected (taking the mechanical 
equivalent of one B.T.U. at 778 ft. lbs.) will equal -18 x 89, 2 x 
778 = 12,400 ft. lbs. 

Thermal Equivalent of Gas. — The gas analysis gives as the 
thermal equivalent of the gas used on trial 18*900 B.T.U per 
pound. 
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Heat Account. — A heat account can therefore be constructed, 
and would stand thus : — 

Heat expended (by analysis) per explosion =-00191 lb. of 
gas x 18-900 x 778=28,100 ft. lbs. 

Heat Accounted for by Diagrams. — (B to C)12,470 + (C to D) 
1,845 + (D to E) L,185 + (heat rejected in jackets) 12,400 =27,900. 

Heat Accounted for on trial : — 

Mechanical equivalent of indicator diagrams . 5,140 
Heat rejected in jacket water .... 12,400 

Heat rejected in exhaust 10,140 

Total 277680 

TABLE I 

Particulars of Engine 

1. Diameter of cylinder, in inches 8*5 

2. Stroke, in inches * : . . 18 

3. Diameter of flywheel, in feet 5*5 

4. Effective circumference of flywheel, in feet 17*458 

5. Duration of trial, in minutes 40 

Indicated Horse-power 

6. Cylinder constant, per lb., mean pressure, per explosion . . '002579 

7. Number of indicator diagrams taken 9 

8. Average mean pressure during working stroke, in lbs. . . . 60*3 

9. Average mean pressure during pumping stroke, in lbs. . . .1*6 

10. Nett average pressure 58*7 

11. Total explosions 8387 

12. Explosions per minute 84*7 

13. I.H.P., gross, from lines 6, 8, and 12 13-2 

14. I.H.P., nett, from lines 6, 10, and 12 12-8 

Brake Horse-potver 

15. Wheel, constant, per lb. per revolution -000529 

16. Load on brake, gross lbB 202 

17. Load on spring balance, mean lbs 76 

18. Load, nett average, in lbs .126 

19. Total revolutions 6,884 

20. Revolutions per minute 172*1 

21. Brake horse-power lines 15, 18, and 20 11*47 
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Gas Consumption 

22. Gas total, in cubic feet (without ignition) 201 

23. Gas per explosion 0593 

24. Gas ignition, total, in cubic feet . . .... 5*8 

25. Pressure of gas at meter, in inches of water 1*85 

26. Pressure, in lbs. per sq. inch .... . . . 14*68 ' 

27. Temperature of gas at meter, Fahr 51° 

28. Specific volume of gas, in cubic feet per lb 30*95 

29. Gas used per explosion (without ignition), in lbs '00191 

30. „ „ I.H.P. per hour (without ignition), in cubic feet . 22*8 

31. „ „ „ „ (including ignition), in cubic feet . 23*5 

32. „ „ B.H.P. „ (without ignition) .... 26*2 

33. „ „ „ „ (including ignition) . . . .27 

TABLE II 
Temperatures 



Above absolute 
zero 



1. Assumed temperature of charge at end of suction 

stroke, in degrees Fahr 550° 89° 

2. Temperature of charge at end of compression B on 

theoretical card 869° 408° 

3. Temperature on completion of constant volume 

addition of heat at C 2,510° 2,049° 

4. Temperature on completion of constant pressure 

expansion at D 2,690° 2,229° 

5. Temperature at exhaust E 1,885° 1,424° 



TABLE in 

Data for Heat Account 

1. Gas consumed per explosion, in lbs. (Table 1, line 29) 

2. Calorific value of ditto at 18,900 B.T.U. per lb. 

line) . . 

3. Mechanical equivalent of ditto, in ft. lbs. 

4. Work done by charge, calculated, gross (page 7) 

5. . Work done on charge during compression (calculated) 

6. Nett work in ideal process, A, B, C, D, E 

7. Nett work, mean, of all indicator diagrams . 



•00191 



(Table 



. 36*1 B.T.U 


. 28100 


. 7,789 ft. lbs 


. 2,484 „ 


. 5,307 „ 


. 5,140 „ 



Heat taken up 

8. Heat taken up by charge during compression (A to B) . . 2,380 ft. lbs. 

9. „ „ „ at constant volume (B to C) . . 12,470 „ 
10. „ „ „ at constant pressure (C to D) . . 1,845 „ 
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11. Total heat turned into work during expansion above zero pres- 

sure (page 6) 

12. Loss of internal energy during expansion (page 7) 

13. Difference (11 — 12) = heat added during expansion 

14. Total heat added during cycle lines 8, 9, 10, and 13 

15. Total work done above zero pressure (line 4) . 

16. Difference (14 — 15)= heat rejected in exhaust 

17. Heat rejected in exhaust, direct calculation (page 240) 



7,289 

6,105 

1,184 

17,880 

7,789 

10,096 

10,140 



lbs. 



Jacket Water 

18. Jacket water used per explosion, in lbs 0*18 

19. In-going temperature of jacket water, Fahr 41*8° 

20. Out-going „ „ „ 131° 

21. Rise of „ „ „ 89*2° 

22. Mechanical equivalent of heat rejected in jacket water per ex- 

plosion, in ft. lbs 12-400 

TABLE IV 

Efficiencies 



1. Mechanical efficiency 



B.HP. 
LHP, 



K 



Table I 



line 21 \ 
line 13 J 



Mechanical efficiency ^ m - ?*. Table I. 
Line 14 



•896 



Dr. 

Ft. lbs. 

Total heat of combus- 
tion of -00191 lb. 
gas per explosion 
at 18,900 B.T.U. 
per lb. = -00191 x 
18,900 x 778 . . 28,100 



TABLE V 

Heat Account 



\Cr. 



Ft. lbs. 



Per 
cent. 



Work done. 
Effective work 
(B.H.P.) per 
explosion . 4,467 15*9 
, Do.lostinfric- 
i tion . .673 24 
J Shown on dia- 

grams,I.H.P. 5,140 18*3 
, Heat rejected. 
Jacket water . 12,400 441 
Exhaust. .10,140 361 
Radiation and 
otherwise un- 
I accounted for 420 1-5 



Heat accounted for on 
diagram. 
Heat supplied. 



From B to C 
„ C to D 
„ D to E 



Rejected. 
Jacket water . 
Lost by radia- 
tion, &c. 



Ft. lbs. 

12,470 
1,845 
1,184 

15,499 

12,400 

201 
28,100 



28-100 100-0 
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The ' Fobward ' Gas Engine 

Consumption and Temperature Trials 

The ' Forward ' Otto gas engine, which ' The Engineer/ 
April 6, 1894, illustrates on page 293, built by Messrs. T. B. 
Barker & Co., of Birmingham, has recently undergone a series 
of brake and indicator tests, the results of which are given in 
the annexed table. These trials were made at the instance of 
the city of Birmingham gas department — to whom the engine 
was supplied — and conducted by Mr. Morrison, the assistant 
engineer of the Saltley Gas Works, in conjunction with Mr. F. 
W. Lanchester. 

This engine works on the now almost universally adopted 
Otto cycle, with independent feed and exhaust valves and gas 
valve actuated by hit-and-miss mechanism controlled by a centri- 
fugal governor. The ignition is effected by a tube igniter with- 
out a timing valve of any description. A glance at results of 
these trials and the indicator cards taken will show how super- 
fluous such an adjunct appears to be. The makers consider 
that an ignition valve adds to the complexity of an engine 
without compensating advantages. This engine is of 30 maxi- 
mum brake horse-power, and has a cylinder 12 inch diameter 
ty 20 inch stroke. The crank shaft is of forged Siemens-Martin 
steel, 4| diameter at journals. The brasses are phosphor bronze 
throughout, and ample bearing surfaces are allowed, the mean 
pressures during the working stroke being as follows : Piston 
pin, 535 lbs. per square inch ; crank pin, 375 lbs. per square 
inch; main bearings, 100 lbs. per square inch. The piston 
packing consists of four cast iron rings f inch wide, fitted 
between junk rings in the usual manner, each ring having a 
baffle groove turned in its surface £ inch wide, dividing the 
bearing surface of the ring into two bands £ inch wide ; the 
pressure exerted by the ring on the walls of the cylinder liner 
amounts to 5 lbs. per square inch of surface. 

This engine is fitted with a Lanchester multiple impulse 
self-starter, of which we gave a description in Volume lxxii., No. 
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1860. This starter is arranged not only to give the initial 
impulse necessary to set the engine in motion, but gives a series 
of low-pressure impulses at the commencement of the working 
strokes until sufficient speed is acquired to overcome the com- 
pression. In fig. 1, plate 206, line a shows the expansion curve 
of initial explosion, lines b b b show subsequent series of low- 
pressure explosions, ignition being effected in all cases by the 
starting igniter ; the tube igniter only comes into operation 
when the exhaust roller is thrown off relief cam. 

Keferring to the tabulated results of the trials, it will be seen 
that a gas consumption as low as 21 feet per brake horse-power 
hour has been obtained. This, we are informed, is 1 foot less 
than the makers guarantee, and is one of the best results 
ever recorded to our knowledge. The gas consumption per 
indicated horse-power hour ranges from 16f feet to 17f feet. 
We are not aware that as low figures as these have been 
previously obtained with an engine of this size. The calorific 
value of the gas is taken as 576,730 foot-pounds per cubic foot 
at 14*7 lbs. pressure and O.C. ; this is the value calculated by 
Mr. Dugald Clerk from the analysis of Dr. P. Frankland of 17£ 
candle-power Birmingham gas. This, in the absence of any- 
thing more recent, may be taken as approximately correct. 
Corrections are made for temperature and pressure. 

With the object of determining the composition of the 
charge and its temperatures at various points of the cycle, some 
further experiments were afterwards carried out by Mr. F. W. 
Lanchester at Messrs. Barker's works. These experiments 
were directed to determine, firstly, the temperature of the charge 
entering the cylinder before admixture with the residuals ; 
secondly, the temperature of the residuals themselves. The 
temperature of the charge was recorded by a thermometer 
placed in a hole specially drilled in the feed valve box so as to 
project to within 1^ inch of the valve, the bulb of the thermo- 
meter being protected from radiation by a cylindrical paper 
screen ; the actual readings with the engine at nearly full load 
ranged up to 44° C. The further increase of temperature which 
would take place in passing the valve and port would in all 
probability bring this up to 50° C, which, for purposes of calcula- 
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tion, is taken to be the temperature. The temperature of the 
residual exhaust gases cannot easily be determined directly with 
any degree of accuracy. The methods used by Professor 
Thurston and Dr. Slaby will hardly bear criticism ; it may be 
useful to know in an engine of a certain size that a pot of zinc 
placed with due precautions in the exhaust, pipe will melt, 
whereas a pot of antimony will not ; but this has only a remote 
connection with the temperature of the residuals remaining in 
the compression space. 

In order to determine the temperature of the exhaust gases 
during the return stroke in these experiments the exhaust pipe 
was entirely removed, and diagrams were taken with a carefully 
adjusted indicator to a scale of 1 lb. ^-^ inch, showing the 
exhaust back pressure both with full load and running light, 
precautions being taken to insure constancy of speed. Fig. 2 
shows one of the diagrams so obtained, in which a is the ex- 
hausting curve at full load, and b is the curve obtained when 
running light. The greatest back pressure observed is about 
2 lb. above the atmosphere, consequently we may assume that 
the density of the gases is proportional to their back pressure 
without making any serious error. Now the temperature of 
the no load gases — air — is known to be about 50° C. = 323° 
absolute, then the temperature of the exhaust gases absolute 

323 ft 
will be ' ""- the temperature varying inversely as the density. 
a 

Taking the mean of four diagrams, we get 1432° absolute 
= .1159° C. This cannot be far from the truth, and it is about 
what would be expected when it is considered that the expansion 
curve towards the end of the working stroke becomes practi- 
cally isothermal, which means that heat is being supplied by 
after combustion more rapidly than it is being lost through the 
cylinder walls ; it seems improbable, therefore, that the tempera- 
ture would fall very substantially during the discharging stroke. 
The actual volume of the charge at atmospheric pressure is 
somewhat less than the total contents of the cylinder, and is 
given by the point of intersection of the compression curve and 
atmospheric liue on the charging diagram — see fig. 2. The 
volume of residuals remaining in the cylinder is slightly greater 
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than that of the compression space. Taking the volume of 
charge at atmospheric pressure as 100 units, then that of com- 
pression space = 32*6 and volume of residues unexpelled = 33*3. 
Now the volume of the whole of the charge at atmospheric 

pressure and exhaust temperature would equal — J == 

33*3 
340, or the proportion of residuals in the charge = = 9£ 

per cent. The composition of the charge at full load and no 
load is given on tables I. and II. 

Fig. 207 shows the temperature of the various points of the 
cycle plotted as curves, the full load curve showing a higher • 
temperature at all points of the cycle, owing to the initial ad- 
mixture of the hot residues to the charge. The dotted line C is 
the temperature curve for a true adiabatic, and the position of 
the actual curve above or below this shows the balance or deficit 
of heat due to after combustion and loss through the cylinder 
walls ; during the first part of the stroke the latter predominat- 
ing, and vice versd. These curves are calculated on the assump- 
tion that the mixture behaves as a perfect gas both before and 
after ignition, and that no change of mean molecular weight 
takes place during combustion. Some measurable inaccuracy is 
thus doubtless introduced, but it is usual to make these as- 
sumptions to avoid complex calculations. Table III. gives the 
temperature at the various points in the cycle. 

The theoretical efficiency of an Otto engine of these pro- 
portions is 36 per cent., the difference between this and the 24 
per cent, actually obtained being mostly due to the loss of heat 
through the water jacket. Table V. shows the distribution of 
energy utilised and lost. 





TABLE I 






Composition of Charge 




No Load 


Cub. in. 


Per cent. 


Gas 


203-3 


642 


Air 


. 2962-7 


. 93-58 



100-00 
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TABLE II 

Composition of Charge 



Full load 

Gas . 

Air for combus- 
tion of above 
gas 

Excess of air 



Cub. in. 
203-3 

12360 



Residues from 



659-7 
2310 



/Air 

, i . . I Products ) 

previous charge V consist- j of cQm I 

9} per cent, j ing of bustn>&c J 



Cub. in. 
203-3 



Per cent. 
8-68 Gas. 



•25J 



2006-95 84-84 Total air. 



75-25 
155-75 



155-75 



( Prod, of 

6*58 -j combus- 

[ tion, &c. 



100-00 





TABLE III 






Temperatures 






No load 


Full load 


Initial 
Compression 
Maximum explosion . 
Exhaust maximum . 
Exhausting stroke . 


50 deg. C. 
. 233 „ 
. 1348 „ 

. 865 „ 

• -» • ,, . 

TABLE IV 


. 175 deg. C 
. 429 „ 
. 1962 „ 
. 1253 „ 
. 115 



Summary of Brake and Indicator Tests at City of Birmingham 

Corporation Gasworks, Saltley 

Brake circumference 17 ft. exactly. 

Cylinder diameter 12 in., stroke 19 $ in. 

December 22. January 8. 







1 


2 


3 


4 


Duration of test 




| hour 


} hour 


i ho,ur 


lh. 2m. 


Mean revolutions per minute . 




154-7 


156 


207-25 


170 


Mean nett load .... 




232-5 


248 


278-75 


261-3 


Brake horse -power . 




18-5 


19-9 


29-8 


22-95 


Mean explosions per minute 




64-3 


64 


96-1 


79-1 


Mean pressure of cards 




67 


67 


67 


60-3 


Indicated horse-power 




24*4 


24-3 


36-6 


2715 


Mechanical efficiency 




•76 


•82 


•814 


•84 


Gas consumed, in cubic foot per hour 










(ignition excluded) 




405-5 


409-5 


648-75 


481-25 


Gas per B.H.P. hour (ignition 


ex- 










eluded) 




21-9 


20-6 


21-3 


21-05 


Gas per I.H.P. hour (ignition 


ex- 










eluded) 




16-6 


16-85 


17-7 


17-75 



December 22. 


January 8. 


1 


2 


3 


4 


£ hour 


| hour 


J hour 


lh. 2m. 


6 


6 


«J 


5} 


17-26 


1726 


17*20 


1720 


105 


•107 


1125 


•102 


12,533 


12,533 


12,133 


11,280 



485,000 


498,000 


498,000 


•2-12 


•223 


•222 


•198 


•183 


•186 
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Duration of test 

Gas for ignition, cubic feet per hour. 

Candle power of gas .... 

Gas, cubic feet per explosion . 

Foot-pounds indicated per explosion 

Foot-pounds indicated per cubic foot 
of gas 119,400 117,100 111,300 110,700 

Calorific value of gas in foot-pounds 
per cubic foot corrected for tem- 
perature and pressure . . . 485,000 

Total efficiency (indicated) . -256 

Total efficiency, brake . . . -187 

TABLE V 

Energy Utilised and Lost 

Per cent. 

Indicated as work in motor cylinder 24 

Lost as heat through water jacket — less than .... 33 
Lost as heat in exhaust gases — greater than .... 43 

Total . 100 

The above results, obtained without any attempt at ' scaveng- 
ing,' are exceedingly good. 

To measure the temperature of the exhaust gases, the com- 
position of the charge, the indicator introduced by Mr. Lan- 
chester is a new departure. 



CHAPTEE XXXVII 

PEIVATE ELECTEIC LIGHTING 

Within the past few years electricity has forced its way very 
rapidly and become almost general for lighting purposes. The 
dynamo is the machine used to generate electricity ; and 
amongst the various forms of prime movers the gas engine 
is taking an important place after the steam engine. 

Circumstances invariably decide which of the various forms 
of gas engine is the best to adopt ; but as at times the question 
of comparative cost of production and distribution, both initial 
and continuous, has to be taken into consideration, the author 
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thinks the information contained in the appended series of 
tests (whilst not altogether within the scope of this treatise), 
taken to arrive at the working cost of two or three private in- 
stallations, by Mr. Thomas Hanning, A.M.I.C.E. (who has 
made a special study of this subject, and who has given the 
author the results of his valuable experience), may be of con- 
siderable use. 

In towns supplied by electric energy from central stations 
the question to be considered is whether it would be more 
economical for- the consumer to lay down a private generating 
plant or take his current from the town supply. The prices 
charged by electric lighting companies vary from 4£d. to 8d. 
per Board of Trade unit, or 1,000 Watts hours ; whereas it will 
be found, from the annexed tables, that current can be privately 
generated at something under Id. per unit — that is, for fuel 
consumption alone. It should, however, be mentioned that all 
these cases may be termed favourable for private generating, 
since they represent long working hours — a most important 
point in comparing public lighting with private installations. 

In the first test, for instance, the plant works all the hours 
of darkness in the year, with the exception of Sundays, and 
practically has as large a load as possible under ordinary 
conditions. Even 1,000 hours' lighting a year is equivalent to 
an average of about four hours per day for the nine months 
when artificial illumination may be pecessary. In engineering 
shops the annual period during which artificial light is used is 
not more than 300 hours unless overtime is worked. 

The fuel consumption is greatly increased with varying 
loads, because of (1) the waste in getting up steam and keeping 
boilers banked up ; (2) the decrease in mechanical and thermal 
efficiency of the steam engine with light loads. The steam 
consumption per horse-power increases as the average load 
factor decreases. 

It may also be seen that with gas engines, although the cost 
per unit generated remains fairly constant, the lighter load 
factor greatly increases the total average cost per unit, the 
amount set aside for interest on first cost and depreciation 
being a fixed charge. 
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The following are the results and conclusions arrived at by 
Mr. Hanning in his report : — 

It will be interesting to consider the facts arising out of 
these tests in rotation as they appear in the tabulated list. 

Consumption of Gas. — In relation to the lamps burning, the 
consumption is lower in No. 3 test than in No. 2, due probably 
to the fact that the engine is more nearly proportioned to the 
work it has to do. 

Cubic feet of gas consumed per i.h.p. — A remarkable and 
noticeable feature in the perusal of these figures is that in the 
whole of the tests the gas consumption — in relation to the 
i.h.p. — is lower at a certain light load than at full load. This 
must be in some way due to the regulation of the gas valve, 
which at, these' loads was not full opei*, but shut off to a certain 
extent. 

In No. 4 test (Olympia) the engine was fired electrically ; 
therefore there was no gas consumed for firing, as in the other 
cases. 

Indicated Horse-power. — There is a striking similarity in 
the figures of power required to do the full load in steam 
engines and gas engine plants Nos. 1 and 2 tests, which will no 
doubt surprise many who contend that the steam engine is 
more efficient than the gas engine. A comparison of the power 
required to generate energy for a certain number of lamps by 
a large engine and small is shown on tests Nos. 2 and 3, or in 
No. 2. 40 i.h.p. is required for 200 16 c.p. lamps, and 48 for 
300 ; whereas in No. 3 30 i.h.p. suffices for 220 lamps, and 39 
i.h.p. for 300. 

Number of lamps burning per i.h.p, — There is a great regu- 
larity about these figures which should almost make them 
standards for the purpose of calculation. 

Consumption of gas in cubic feet per lamp hour. — The same 
may be said of this. 

Beading on switch-board in volts. — It would appear as 
though the machines in Nos. 1 and 4 tests were over-com- 
pounded. 

Beading in amperes. — In No. 1 test 112 amperes is required 
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for 200 lamps, and 125 in No. 2. This is no doubt due to a 
difference in the resistance of the lamps and wiring. ' 

Watts consumed per lamp. — The fluctuation in these figures 
is difficult to account for, and point to probable unintentional 
switching on and off of the lamps by the workpeople. 

Output of Dynamo in kilowatts. — The higher output in 
Nos. 2 and 3 tests is due to the higher voltage to which the 
machines are run to overcome loss over large area of circuits. 

Electrical output in h.p. — In proportion to the number of 
lamps burning this is fairly consistent throughout. 

Combined efficiency. — These figures are important to all 
concerned in electrical engineering, as they give results from 
actual every-day practice, and are not derived from specially 
prepared plant, which is the case in a great many of the tests 
which have up to the present been published. 

The steam engine plant is slightly more efficient than gas 
engine plants Nos. 2 and 3, but No. 4 stands highest — due in a 
great measure to the higher efficiency of this dynamo. 

Cost of Fuel, <£c. — From the results it would appear that 
with a steam driver plant the cost of water and coal is about 
half the cost of gas (at Is. ISd. per 1,000 cubic feet) consumed 
by a gas engine, and that the total cost of generating a unit of 
electricity is about 20 per cent, less in favour of the former 
(see notes as to rates of interest, &c). But against this is to 
be put the increase in rate which would be chargeable to the 
steam plant due to interest and depreciation on boiler, repairs 
to same, &c, cost of stoking and carting away clinkers, ashes, 
&c, which has not been estimated for. The cost of gas is 
noticeably constant in these tests. 

Number of lamp hours. — This is one of the most important 
factors to be considered in comparing the cost of lighting as 
between obtaining energy from supply company and consumers 
generating their own. In No. 1 test the mill worked from 
Monday to Saturday, night and day, and light was required all 
the hours of darkness in week days throughout the year. Con- 
sequently the number of hours during which the lamps burned 
are heavy — namely, 3,500. The working hours of Nos. 2 and 3 
plants are 1,000 and 700 per annum respectively. Eeference 
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to the total cost per unit will give some idea of the effect the 
number of lamp hours has upon this item. 

Bate per unit due to interest, dc. — The low rate per unit in 
No. 1 (steam plant) is owing to the greater number of hours 
the installation is run. For instance, if the gas engine plant 
No. 2 was run for the same number of lamp hours, the cost 
would be reduced from 2'8d. to about *95d., or a total cost 
per unit of l'8d. as against l'4d. for steam (exclusive of 
boiler). 

Total average cost. — In comparing the total cost per unit as 
herein given with the cost of energy from supply company — 
which varies from ±\d. to 8d. per unit — it must not be forgotten 
that to these latter amounts there must be added an additional 
sum for interest and depreciation upon the wiring and lamps, 
also renewals and transformer and meter rent, &c, which has 
been included in these costs of 1*4(1, 3fd and 3'9d. respec- 
tively. 

The interest &c. rate is made up of 5 per cent, interest 
(3 or 4 per cent, might be fairer) on first cost. ; 5 per cent, de- 
preciation, cost of attendance, house rent, repair and renewals 
of lamps, &c, for portions under test. 

DYNAMOS 

No. 1 Plant. — 24-unit four-pole compound-wound * Tyne ' 
dynamo, belt-driven, by Messrs. Ernest Scott and Mountain, 
Limited ; constructed to supply current for 40016-candle-power 
incandescent lamps. 

No. 2 Plant. — 24-unit two-pole compound-wound ' Tyne ' 
dynamo, belt-driven ; constructed to supply current for 400 
16-candle-power incandescent lamps and set of accumulators 
for 100 16-candle-power lamps. 

No. 3 Plant. — 18-unit two-pole compound- wound ' Tyne ' 
dynamo, belt-driven ; constructed to supply current for 300 
16-candle-power incandescent lamps. 

No. 4 Plant. — 16-kilowatt compound-wound dynamo, belt- 
driven ; by Messrs. Lawrence Scott and Co. Output — 152 
amperes, 105 volts. 
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In the driving of dynamos a grave error is often made in 
the length of belt drive ; people used to steam engine practice 
look to long drives as the correct thing — with the result that an 
excessive oscillation and wave motion is given to the belt, which 
seriously affects the running of the dynamo and the steadiness 
of the light. 

The centres of engine and dynamo should not exceed 18 
feet or be less than 12 feet. 
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Cycle of operations — single cylinder en- 
gine, 3-5 

— twin cylinder engine, 5-6 

tandem cylinder engine, 5-6 

Cylinder lubricators, 152 

Crossley's, 152 

Robey, 154 

Fielding, 155 



Deadly poisonous gas — carbonic oxide, 

200 
Decomposition of steam by red-hot fuel 

in gas generator, 198 
Defects of the modern gas engine, 167- 

168 
Definition — calorie, 195-196 

— work, 170 

— of horse-powers, 7 

Diagram averaging instrument, 183- 

187 
Diagrams— Indicator, Clarke-Chapman, 

.64 
Diagram, indicator, scavenging method, 

59, 166, 167 

— — air pump, 59 
Dowson gas plant, 198-201 



Electric governor — Robey, 102-104 

— ignition — Clarke-Chapman, 63-64 

— lighting — (private), Mr. Hanning, 
248-255 

Exhaust silencing chambers, 157 

ordinary pattern, 158 

Justice pattern, 159 

Robey & Tangye pattern, 160- 

161 

— valves, 118, 156 
auxiliary valve, 39 



Fat melted and used to make gas to 

drive engines, 202 
Fielding & Piatt * Fielding* single 

cylinder horizontal engine, 100 b.h.p. 

49 
Fielding & Piatt 'Fielding* single 

cylinder vertical engine, 100 b.h.p., 

50 

— List of sizes, 1895, 51 
Fly wheels, object, 65 

— Graphic method of determining 
weight of, 65-66 

— Various methods of keying wheels to 
shafts, 72-73 

~ Keys, 74 

— Lanchester's formulas 75 
Friction of gas engines, 108-169 



Gas Meters — Table of sizes, 161 
Gas valve and cock, 120 

— Section, 121 

Governors -Centrifugal form, spring, 
Robey, 92-94 

— Centrifugal form, Dead weight, 
Crossley, 96-98 

— Inertia, Crossley, 96-98 

— Incline, Tangyes, 99-100 

— Vibrating, ' Stockport,* 101 -102 

— Electric, 102 

— Arrangement of, 103 

Graphic method of determining weight 
of fly wheels, 65-70 

— pressure on pistons, 84-86 

strength of -shafts, 76-80 



Heat carried oil by jacket water in 
keeping the cylinder cool, 238 

Heat taken up by charge during com- 
pression, 237 

— Rejected in exhaust, 238 

Horse-powers, 7 



Idle strokes of the Otto engines, 5-6 
Ignition tubes, 140-141 
Indicators — Thompson, 173-174 

— — (Section), 175 

— Crosby (Section), 176-177 

— Tabor, 177-178 
(Section), 179-180 

— Wayne, 180-182 



Jacket-water, heat list. Measurement 

of, 238 
Joints — Combustion chambers, 9, 20, 25, 

35, 41 
Exhaust valve boxes, 10, 25, 35, 

41 
Junkers' Calorimeter, 191-197 



Large power engines, 167-168 
Life, average, of ignition, tubes, 140-141 
Lubricators for connecting rod, 91-92 
— for cylinder, 152-155 • 



Mansfield oil gas, 202 

— Arrangement of, 203 

— Sawdust gas apparatus, 205 

Arrangement of, 206-207 

Measuring area of indicator diagram 

by planimeter, 183 

— power of friction brake, 170 
Mechanical efficiency of a ga engine, 

238 
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Methods of ignition of charge in gas 
engines, 137-148 

— of regulating speed, Robey, 93 
Crossley, 97-98 

— — — — Tangye, 100 
' Stockport,' 102 

— of starting gas engine of any power, 
122-136 

Mixture — compression of charge, 247 
Motor trials— Professor Capper, 226 

— — Mr. Morrison, 240 



Nominal horse-power, 7 
Norris's starter, 130 



Oil for cylinder and piston, 152 

Oil gas, made from fats, mineral and ! 

vegetable oils, 202 I 

complete plant, 203 

, yield of, from intermediate oils, 

204 | 

Oiling, pistons, 152-154 ' 

Operation, cycle of, single, 4 
— — — twin, 5 \ 

— tandem, 5 

Otto cycle— see Operations 



Pendulum governor, 98 
Pistons— Graphic method of finding 
pressure on, 84 

— Effect of short connecting rod on, 
85-88 

— Table of sizes, 86-87 
Poisonous gas, carbonic oxide a, 200 
Power and its measurement, 170 
Power, measurement of brake or useful 

horse, 171-172 

Power, indicated, of an engine, meas- 
urement of, 171 

Pressure in engine cylinder determined 
by indicator, 227-246 

— absolute, on indicator diagram, 246 
Products of combustion, 247 



Quantity of air for combustion, coal ' 
gas, 247 | 

— — Dowson gas, 201 

Quantity of heat turned into work in 
gas engines, 238-248 

Quieting chamber for gas engine ex- 
haust, 157-161 



Ratio of coal gas to air, 245 
Dowson gas to air 201 



Refuse, fatty, gas and power obtained 
from, 202 

Robey & Co., single cylinder engine, sec- 
tion, 25-26 

girder type, 30, 31, 33 

List of sizes, 1895, 32 



Sawdust gas apparatus, Mansfield, 205- 

207 
Scavenging method, * Premier,' 58 

weak spring diagram, 59 

Crossley- Atkinson, 164-165 

diagram of valve settings, 166 

weak spring diagram, 167 

Silencing chambers, 157 

types of, 158-161 

Speed counters, Schaffer & Budenberg, 

187-188 
Harding, 189-190 

— indicator, Schaffer & Budenberg, 
190 

Starters, classification, 122 

— Wells, arrangement of, 122-123 
starting diagram, 124 

— Lanchester's, 124 
- section, 125 

starting diagram, 126 

— * Stockport ' arrangement, 127 
section, 128 

starting diagram, 129 

— Norris's, 130 

starting diagram, 130 

— Clerk-Lanchester, 130 
section, 131 

, starting diagram, 132 

— Fielding, 132 
section, 133 

starting diagram, 133 

arrangement of, 134 

— Tangyes', 135-136 

— Dowson's, 136 



Tachometer, Schaffer & Budenberg, 

190-191 
Tangyes, section of combustion chamber, 

35 

— single cylinder engines, 36-38 

— list of sizes, 1895, 39 
Temperature, exhaust gases, 244 

— explosion, 132-246 
Testing gas, 191 
engine, 169-172 

Tests, Crossley engine, Professor Capper, 
226-239 

— Forward, Messrs Morrison <fc Lan 
Chester, 240-248 
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Theoretical efficiency, of Otto engine, 

245 
Thwaite Motor gas plant, 209-224 
Timing valves, 142 

Crossley's, 142-144 

Stockport, 144-145 

Tangyes, 145-147 

Robey, 147-148 



Valves, 117 

— Types of valves and lifting mechan- 
ism, 118-120 



Wells Brothers * Premier ' single cy- 
linder, 55-56 

with scavenging method, 

57-59 

tandem engine, 60 

Worm gearing for side shaft, 109-116 

Yield of fat to drive gas engine, 202 

— of intermediate oil to drive gas en- 
gine, 204 

— of gas from sawdust, 205 

— of gas from Irish bog, 208 

— of gas from sunflower seed shells, 209 
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Wright, Professor of Normal Education, Durham College of Science. With 
242 Illustrations. Crown 8vo., 2X. 6d. 



MECHANICS, DYNAMICS, STATICS, HYDROS- 
TATICS, ETC. 

BALL.— A CLASS-BOOK OF MECHANICS. By Sir R. S. 
Ball, LL.D. 89 Diagrams. Fcp. 8vo., is, 6d. 



GELDARD.— STATICS AND DYNAMICS. By C. Geldard, 

M.A., formerly Scholar of Trinity College, Cambridge. Crown 8vo., $s. 



GOODEVE.— Works by T. M. GOODEVE, M.A., formerly 
Professor of Mechanics at the Normal School of Science, and 
the Royal School of Mines. 

THE ELEMENTS OF MECHANISM. With 342 Wood- 
cuts. Crown 8vo., 6s. 

PRINCIPLES OF MECHANICS. With 253 Woodcuts and 

numerous Examples. Crown 8vo., 6s. 

A MANUAL OF MECHANICS : an Elementary Text-Book 

for Students of Applied Mechanics. With 138 Illustrations and Diagrams, 
and 188 Examples taken from the Science Department Examination Papers, 
with Answers. Fcp. 8vo., ay. 6d. 



GRIEVE.— LESSONS IN ELEMENTARY MECHANICS. 

By W. H. Grieve, P.S.A., late Engineer, R.N., Science Demonstrator for the 
London School Board, etc. 

Stage I. With 165 Illustrations and a large number of Examples. Fcp. 8vo., 
is. 6d. 

Stage 2. With 122 Illustrations. Fcp. 8vo., is. 6d. 

Stage 3. With 103 Illustrations. Fcp. 8vo., is. 6d. 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.- 

Continued. 

MAGNUS.— Works by SIR PHILIP MAGNUS, B.Sc, B.A. 
LESSONS IN ELEMENTARY MECHANICS. Introductory 

to the study of Physical Science. Designed for the Use of Schools, and of 
Candidates for the London Matriculation and other Examinations. With 
numerous Exercises, Examples, Examination Questions, and Solutions, etc. , 
from 1870-1895. With Answers, and 131 Woodcuts. Fcp. 8vo., 3*. 6d. 

Key for the use of Teachers only, price 51. 3jrf. 

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., is. 6d.; 

or, with Answers, as. The Worked Solutions of the Problems, as. 

ROBINSON.— ELEMENTS OF DYNAMICS (Kinetics and 

Statics). With numerous Exercises. A Text-book for Junior Students. By 
the Rev. J. L. Robinson, B.A. Crown 8vo., dr. 

SMITH.— Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY STATICS. Crown 8vo., 3 s. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 3s. 
KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6s. 

TA TE.— EXERCISES ON MECHANICS AND NATURAL 

PHILOSOPHY. By Thomas Tate, F.R.A.S. Fcp. 8vo„ as. Key, y. &£. 

TA YLOR.— Works by J. E. TAYLOR, M.A., B.Sc. (Lond.), 
Head Master of the Central Higher Grade and Science School, 
Sheffield. 

THEORETICAL MECHANICS, including Hydrostatics and 

Pneumatics. With 175 Diagrams and Illustrations, and 522 Examination- 
Questions and Answers. Crown 8vo. , as. 6d. 

THEORETICAL MECHANICS— SOLIDS. With 163 Illus- 

trations, 120 Worked Examples and over 500 Examples from Examination 
Papers, etc. Crown 8vo., as. 6d. 

THEORETICAL MECHANICS.— FLUIDS. With 122 Illus- 

trations, numerous Worked Examples, and about 500 Examples from Ex- 
amination Papers, etc. Crown 8vo., 2s. 6d. 

THORNTON.— THEORETICAL MECHANICS— SOLIDS. 

Including Kinematics, Statics, and Kinetics. By Arthur Thornton, M.A., 
F.R.A.S. With 200 Illustrations, 130 Worked Examples, and over 900 
Examples from Examination Papers, etc. Crown 8vo v 4* 6a. 
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MECHANICS. DYNAMICS, STATICS, HYDROSTATICS, ETC.- 

Continued. 

TWISDEN— Works by the Rev. JOHN F. TWISDEN, M.A. 
PRACTICAL MECHANICS; an Elementary Introduction to 

their Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 
8vo., ioj. 6d. 

THEORETICAL MECHANICS. With 172 Examples, 

numerous Exercises, and 154 Diagrams. Crown 8vo. , 8s. 6d. 

WILLIAMSON.— INTRODUCTION TO THE MATHE- 
MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTIC 
SOLIDS. By Benjamin Williamson, D.Sc., F.R.S. Crown 8vo., 5*. 

WILLIAMSON and TARLETON.—AN ELEMENTARY 

TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, 
with numerous Examples. By Benjamin Williamson, D.Sc., F.R.S., and 
Francis A. Tarleton, LL.D. Crown 8vo., ioj. 6d. 

WOR THING TON.— DYNAMICS OF ROTATION: an Ele- 

mentary Introduction to Rigid Dynamics. By A. M. Worthington, M.A., 
F. R. S. Crown 8vo. , y. 6d. 



OPTICS AND PHOTOGRAPHY. 

ABNEY.—k TREATISE ON PHOTOGRAPHY. By Captain 

W. de Wiveleslie Abney, F.R.S. , Director for Science in the Science and 
Art Department. With 115 Woodcuts. Fcp. 8vo., 3*. 6d. 

GLAZEBROOK.— PHYSICAL OPTICS. By R. T. Glaze- 
brook, M.A., F.R.S., Fellow and Lecturer of Trinity College, Demonstrator 
of Physics at the Cavendish Laboratory, Cambridge. With 183 Woodcuts of 
Apparatus, etc. Fcp. 8vo., 6s. 

WRIGHT— OPTICAL PROJECTION : a Treatise on the Use 

of the Lantern in Exhibition and Scientific Demonstration. By Lewis Wright, 
Author of * Light : a Course of Experimental Optics '. With 232 Illustrations. 
Crown 8vo. , 6s. 



SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 

ALEXANDER.— TREATISE ON THERMODYNAMICS. 

By Peter Alexander, M.A. Crown 8vo., $s. 

CC/MMING.—UEAT. For the Use of Schools and Students> 

By Linnaeus Cumming, M.A. With numerous Illustrations. Crown 8vo., 
4*. 6d. 

j) A y._ NUMERICAL EXAMPLES IN HEAT. By R. E. 
Day, M.A. Fcp. 8vo., 3*. 6d. 
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SOUND. LIGHT, HEAT, AND THERMODYNAMICS-^/*™*/. 

EMTAGE.— LIGHT. By W. T. A. Emtage, M.A. With 

23a Illustrations. Crown 8vo., 6s. 

HELMHOLTZ.—ON THE SENSATIONS OF TONE AS A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Her- 
mann Von Helmholtz. Royal 8vo., s8j. 

MADAN.—hK ELEMENTARY TEXT-BOOK ON HEAT. 
For the Use of Schools. By H. G. Madan, M.A., F.C.S., Fellow of Queen's 
College, Oxford ; late Assistant Master at Eton College. Crown 8vo. , gs. 

MAXWELL.— THEORY OF HEAT. By J. Clerk Maxwell, 

M.A., F.R.SS., L. and E. With Corrections and Additions by Lord Ray- 
leigh. With 38 Illustrations. Fcp. 8vo., 4s. 6d. 

SMITH.— IKE STUDY OF HEAT. By J. Hamblin Smith, 
M.A., of Gonville and Caius College, Cambridge. Crown 8vo. t y. 

TYNDALL.— Works by JOHN TYNDALL, D.C.L., F.R.S. 
See p. 27. 

WORMELL.—A CLASS-BOOK OF THERMODYNAMICS. 

By Richard Wormell, B.Sc.. M.A. Fcp. 8vo., is. 6d. 

WRIGHT.— -W orks by MARK R. WRIGHT, Hon. Inter. B,Sc, 
London. 

SOUND, LIGHT, AND HEAT. With 160 Diagrams and 

Illustrations. Crown 8vo. , as. 6d. 

ADVANCED HEAT. With 136 Diagrams and numerous 

Examples and Examination Papers. Crown 8vo. , 45. 6d. 



STEAM, OIL, AND GAS ENGINES. 

BALE.- A HAND-BOOK FOR STEAM USERS; being Rules 
for Engine Drivers and Boiler Attendants, with Notes .on .Steam Engine and 
Boiler Management and Steam Boiler Explosions. By M. Powis Bale, 
M.I.M.E., A.M.I.C.E. Fcp. 8vo., 2s. 6d. 

BOLTON.— MOTIVE POWERS AND THEIR PRACTICAL 

SELECTION. By Reginald Bolton, Associate Member of the Institution 
of Civil Engineers, etc. Crown 8vo., 6s. 6d. net. 

CLERK.— THE GAS AND OIL. ENGINE. By Dugald 

Clerk, Associate Member of the Institution of Civil Engineers, Fellow of the 
Chemical Society, Member of the Royal Institution, Fellow of the Institute of 
Patent Agents. With 228 Illustrations and Diagrams. 8vo., 155. 

HOLMES.— THE STEAM ENGINE. By George C V. 
Holmes, Whitworth Scholar, Secretary of the Institution of Naval Architects. 
With 212 Woodcuts. Fcp. 8vo., 6s. 
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TELEGRAPHY AND THE TELEPHONE. 

BENNETT.— THE TELEPHONE SYSTEMS OF CONTI- 
NENTAL EUROPE. By A. R. Bennett, Member of the Institute of 
Electrical Engineers ; late General Manager in Scotland of the National Tele- 
phone Company, and General Manager and Electrician of the Mutual and New 
Telephone Companies. With 169 Illustrations. Crown 8vo., 15*. 

CULLEY.—K HANDBOOK OF PRACTICAL TELEGRAPHY. 

By R. S. Culley, M.I.C.E., late Engineer-in-Chief of Telegraphs to the Post 
Office. With 135 Woodcuts and 17 Plates. 8vo. , \6s. 

PREECE and SIVEWR/GBT.-TELEGRAVllY. By W. H. 

Preece, C.B., F.R.S., V.P.Inst., C.E., etc., Engineer-in-Chief and Electrician 
Post Office Telegraphs; and Sir J. Sivewright, K.C.M.G., General Manager, 
South African Telegraphs. With 258 Woodcuts. Fcp. 8vo., 6s. 



ENGINEERING, STRENGTH OF MATERIALS, ETC. 

ANDERSON.— THE STRENGTH OF MATERIALS AND 

STRUCTURES : the Strength of Materials as depending on their Quality and 
as ascertained by Testing Apparatus. By Sir J. Anderson, C.E., LUD., 
F.R.S.E. With 66 Woodcuts. Fcp. 8vo., y. 6d. 

BARRY.— RAILWAY APPLIANCES: a Description of Details 

of Railway Construction subsequent to the completion of the Earthworks and 
Structures. By John Wolfe Barry, C.B., M.I.C.E. With 218 Woodcuts. 
Fcp. 8vo., 4s. 6a. 

SMITIf.— GRAPHICS, or the Art of Calculation by Drawing 

Lines, applied especially to Mechanical Engineering. By Robert H. Smith, 
Professor of Engineering, Mason College, Birmingham. Part I. With separate 
Atlas of 29 Plates containing 97 Diagrams. 8vo., 15J. 

STONE K— THE THEORY OF THE STRESSES ON 

GIRDERS AND SIMILAR STRUCTU RES. With Practical Observations on 
the Strength and other Properties of Materials. By Bindon B. Stoney, 
LL.D., F.R.S., M.I.C.E. With 5 Plates and 143 Illustrations in the Text. 
Royal 8vo., 36J. 

UN WIN— Works by WILLIAM CAWTHORNE UN WIN, 
F.R.S., B.S.C. 
THE TESTING OF MATERIALS OF CONSTRUCTION. 

Embracing the description of Testing Machinery and Apparatus Auxiliary 
to Mechanical Testing, and an Account of the most Important Researches 
on the Strength of Materials. With 141 Woodcuts and 5 Folding-out Plates. 
8vo., 2 1 j. 

ON THE DEVELOPMENT AND TRANSMISSION OF 

POWER FROM CENTRAL STATIONS : being the Howard Lectures 
delivered at the Society of Arts in 1893. With 81 Diagrams. 8vo., 
ioj. net. 

WARREN— ENGINEERING CONSTRUCTION IN IRON, 
STEEL, AND TIMBER. By William Henry Warren, Challis Professor 
of Civil and Mechanical Engineering, University of Sydney. With 13 Folding 
Plates, and 375 Diagrams. Royal 8vo. , 16s. net. 
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MACHINE DRAWING AND DESIGN. 

LOW and BJSVIS.—A MANUAL OF MACHINE DRAWING 

AND DESIGN. By David Allan Low (Whitworth Scholar), M.i.Mech.E., 
Head Master of the Technical School, People's Palace, London ; and Alfred 
William Bevis (Whitworth Scholar), M.I.Mech.E., Director of Manual 
Training to the Birmingham School Board. With over 700 Illustrations. 8vo. , 
7J. 6d. 

LO W.-Work$ by DAVID ALLAN LOW, Head Master of the 
Technical School, People's Palace, London. 

IMPROVED DRAWING SCALES. 4*/. in case. 

AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 97 Illustrations and Diagrams. Crown 8vo. , ar. 

UNWIN.—TU^s ELEMENTS OF MACHINE DESIGN. By 

W. Cawthorne Unwin, F.R.S., Professor of Engineering at the Central 
Institute of the City and Guilds of London Institute. 

Part I. General Principles, Fastenings, and Transmissive 

Machinery. With 304 Diagrams, etc. Crown 8vo. , 6s. 

Part II. Chiefly on Engine Details. With 174 Woodcuts. 

Crown 8vo. , $s . 6d. 



LONGMANS' CIVIL ENGINEERING SERIES. 

Edited by the Author of * Notes on Building Construction \ 

TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Wheeler, M.Inst.C.E., author of ' The Drainage of 
Fens and Low Lands by Gravitation and Steam Power \ With 75 Illustrations. 
Medium 8vo., its. net. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By O 

Colson, M.Inst.C.E., Assistant Director of Works, Admiralty. With 365 
Illustrations. Medium 8vo., 21 j. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON- 
STRUCTION. By William Shield, F.R.S.E. , M.Inst.C.E. , and Executive 
Engineer, National Harbour of Refuge, Peterhead, N.B. With 97 Illustrations. 
Medium 8vo., 1 5J. net. v . >,< : * 

CALCULATIONS FOR ENGINEERING STRUCTURES. By 

T. Claxton Fidler, M.I.C.E., Professor of Engineering in the University of 
Dundee; Author of 'A Practical Treatise on Bridge Construction*. 

[In preparation, 

A COURSE OF CIVIL ENGINEERING. By L. F. Vernon- 

Harcourt, M.Inst.C..E., Professor of Civil Engineering at University College, 
London. [In preparation. 

RAILWAY CONSTRUCTION. By VV. H. MILLS, M.I.C.E., 

Engineer-in-Chief, Great Northern Railway, Ireland. [In preparation. 
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WORKSHOP APPLIANCES, ETC. 

NORTHCOTT.— LATHES AND TURNING, Simple, Mecha-. 
nical and Ornamental. By W. H. Northcott. With 338 Illustrations. 
8vo., i&r. 

SHELLEY.— WORKSHOP APPLIANCES, including Descrip- 
tions of some of the Gauging and Measuring Instruments, Hand-cutting Tools, 
Lathes, Drilling, Plaining, and other Machine Tools used by Engineers. By 
C. P. B. Shelley, MICE. With all additional Chapter on Milling by R. 
R. Lister. With 323 Woodcuts. Fcp. 8vo., 5*. 



MINERALOGY, METALLURGY, ETC. 

BAUERMAN— Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Woodcuts and 

Diagrams. Fcp. 8vo., 6s. 

DESCRIPTIVE MINERALOGY. With 236 Woodcuts and 

Diagrams. Fcp. 8vo., 6s. 

BLOXAM and HUNTINGTON. —METALS: their Properties, 
and Treatment. By C. L. Bloxam and A. K. Huntington, Professors in 
King's College, London. With 130 Woodcuts. Fcp. 8vo., 5*. 

GORE.— THE ART OF ELECTRO-METALLURGY, including 

all known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. 
With 56 Woodcuts. Fcp. 8vo., 6s. 

MITCHELL.— A MANUAL OF PRACTICAL ASSAYING. 

By John Mitchell, F.C.S. Revised, with the Recent Discoveries incorpo- 
rated. By W. Crookes, F.R.S. With aoi Illustrations. 8vo., 31 s. 6d. 

RHEAI).— METALLURGY. An Elementary Text-Book. By 
E. C. Rhead, Lecturer on Metallurgy at the Municipal Technical School, 
Manchester. With 94 Illustrations. Crown 8vo., y. 6d. 

RUTLEY.— THE STUDY OF ROCKS: an Elementary Text- 
book of Petrology. By F. Rutley, F.G.S. With 6 Plates and 88 Woodcuts. 
Fcp. 8vo., 4J. 6d. 



ASTRONOMY, NAVIGATION, ETC. 

^AfftfTT.-^ELEMENTARY THEORY OF THE TIDES: 

the Fundemental Theorems Demonstrated without Mathematics and the In- 
fluence on the Length of the Day Discussed. By T. K. Abbott, B.D., Fellow 
and Tutor, Trinity College, Dublin. Crown 8vo M 2s. 

BALL.— Works by Sir ROBERT S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Dia- 

grams. Fcp. 8vo., 6s. 6d. 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 

Fcp. 8vo., is. 6d. 
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ASTRONOMY, NAVIGATION, ETC. -Continued. 

BRINKLE V.— ASTRONOMY. By F. Brinkley, formerly 

Astronomer Royal for Ireland. Re-edited and Revised by J. W. Stubbs, D.D. 
and F. BrAnnow, Ph.D. With 49 Diagrams. Crown 8vo., 6*. 

CLERKE.— THE SYSTEM OF THE STARS. By Agnes M. 

ClERKE. With 6 Plates, and numerous Illustrations. 8vo., 21s. 

GOODWIN.— AZIMUTH TABLES FOR THE HIGHER 

DECLINATIONS. (Limits of Declination 24 to 30 , both inclusive.) 
Between the Parallels of Latitude o° and 6o°. With Examples of the Use of 
the Tables in English and French, By H. B. Goodwin, Naval lnstructer, 
Royal Navy. Royal 8vo. , 7s. (xL 

J7ERSCHEL.— OUTLINES OF ASTRONOMY. —By Sir John 
F. W. Herschel, Bart., K.H., etc. With 9 Plates, and numerous Diagrams. 
8vo., 12s. 

LOWELL. — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
With 24 Plates. 8vo., iar. 6d. 

MARTIN.— NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo., i8j. 

MERRIFIELD.—k TREATISE ON NAVIGATION. For 

the Use of Students. By J. Merr: 
Charts and Diagrams. Crown 8vo. , 



the Use of Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With 
Cr< 



PARKER.— ELEMENTS OF ASTRONOMY. With Numerous 
Examples and Examination Papers. By George W. Parker, M.A., of 
Trinity College, Dublin. With 84 Diagrams. 8va , 5*. net. 

WEBB.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. Espin, M. A. , F.R.A.S. (Two 
Volumes.) Vol I., with Portrait and a Reminiscence of the Author, 2 Plates, 
and numerous Illustrations. Crown 8va, 6s. Vol. II., with numerous Illustra- 
tions. Crown 8vo. , 6s. 6d. 



WORKS BY RICHARD A. PROCTOR. 

OLD AND NEW ASTRONOMY. With 21 Plates and 47a 

Illustrations in the Text. 4to. , 21J. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo. f 

y.6d. 

THE MOON: Her Motions, Aspect, Scenery, and Physical 

Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Photographs. Crown 8va , $s. 

THE UNIVERSE OF STARS : Researches into, and New Views 
respecting the Constitution of the Heavens. With 22 Charts (4 Coloured), and 
22 Diagrams. 8vo. , iot. 6d. 
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WORKS BY RICHARD A. PROCTOR- Continued. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches. With 14 Illustrations ; 
Map, Charts, etc. Crown 8vo. , y. 6d. 

THE ORBS AROUND US; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo. , y. 6d. 

LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays 

on Scientific Subjects. Natural Phenomena, etc. 3 vols. , crown 8vo. , y. each 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

Firmament. Crown 8vo. , y. 6d. 

OTHER SUNS THAN OURS : a Series of Essays on Suns— Old, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, 
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams. 
Crown 8vo. , y. 6d. 

HALF-HOURS WITH THE TELESCOPE : a Popular Guide 

to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. 8vo. , 2s. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 

the Observatory, in Twelve Circular Maps (with Two Index-Plates). With an 
Introduction on the Study of the Stars. Illustrated by 9 Diagrams. Crown 8vo. , 

THE SOUTHERN SKIES: a Plain and Easy Guide to the 

Constellations of the Southern Hemisphere,. Showing in 12 Maps the position 
of the principal Star-Groups night after night throughout the year. With an 
Introduction and a separate Explanation of each Map. True for every Year. 

HALF- HOURS WITH THE STARS : a Plain and Easy Guide 

to the Knowledge of the Constellations. Showing in 12 Maps the position of 
the principal Star-Groups night after night throughout the year. With Intro- 
duction and a separate Explanation of each Map. True for every Year. 
4to., 3*. 6d. 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebulae, etc. 
With 2 Index-Plates. . Folio, 15s. ! ' • 

THE STARS IN THEIR SEASONS: an Easy Guide to a 

Knowledge of the Star-Groups. In 12 Large Maps. Imperial 8vo., y. 

ROUGH WAYS MADE SMOOTH. Familiar Essays on 

Scientific Subjects. Crown 8vo., y. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., $s. 6d. 

NATURE STUDIES. By R. A. Proctor, Grant Allen, A. 
Wilson, T. Foster, and E. Clodd. Crown 8vo., y. 6d. 

LEISURE READINGS. By R. A. Proctor, E. Clodd, A. 
Wilson, T. Foster, and A. C. Ranyard. Crown 8vo., y. 6d. 
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MANUFACTURES/TECHNOLOGY, ETC. 

AEZZ.—JACQUARD WEAVING AND DESIGNING. By F. T. 

Bell, Medallist in Honours and Certificated Teacher in ' Linen Manufacturing ' 
and in 4 Weaving and Pattern Designing,' City and Guilds of I^ondon Institute.. 
With 199 Diagrams. 8va, isu. net. 

CROSS and BE VAN.— CELLULOSE: an Outline of the 

Chemistry >of the Structural Elements of Plants. With Reference to their 
Natural History and Industrial Uses. By Cross and Bevan (C. F. Cross, £. 
J. Bevan, arid C. Beadle). With 14 Plates. Crown 8vo. t 12s. net. 

TA YLOR.— COTTON WEAVING AND DESIGNING. By 
John T. Taylor. With 373 Diagrams. Crown 8vo. t 7s. 6d. net. 

LUPTON— MINING. An Elementary Treatise on the Getting 

of Minerals. By Arnold LuI*ton , M.I.C.E., F. G. S. , etc. With 596 Diagrams 
and Illustrations. Crown-.8v.o., oj. net. 

WATTS.— AN INTRODUCTORY MANUAL FOR SUGAR 
GROWERS. By Francis Watts, F.C.S., F.I.C. With 20 •Illustrations. 
Crown 8vo., dr. 

PHYSIOGRAPHY AND GEOLOGY. 
BIRD.— Works by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the 

British Isles, and 247 Illustrations. Crown 8vo., 2s. 6d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

. Classes and for General Readers. With over 300 Illustrations, a Geological 
Map of the British Isles (coloured), and a set of Questions for Examination. 
Crown 8vo., 7s. 6d. 

GREEN.— PHYSICAL GEOLOGY FOR STUDENTS AND 
GENERAL READERS. With Illustrations. By A. H. Green, M.A.. 
F.G.S. 8vo., 21 j. 

THORNTON— Works by J. THORNTON, M.A. 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the 

Study of Nature. With 12 Maps and 247 Illustrations. With Appendix on 
Astronomical Instruments and Measurements. Crown 8vo., as. 6d. 

ADVANCED PHYSIOGRAPHY. With 6 Maps and 180 

Illustrations. Crown 8vo., 41. 6d. 



HEALTH AND HYGIENE. 

BRA Y.— PHYSIOLOGY AND THE LAWS OF HEALTH, in 
Easy Lessons for Schools. By Mrs. Charles Bray. Fcp. 8vo. , is. 

BRODRIBB.—MKNV&L OF HEALTH AND TEMPER- 
ANCE. By T. Brodribb. M;A. With Extracts from Gough's 'Temperance 
Orations '. Revised and Edited by the Rev. W. Ruthven Pym, M. A- , Member 
of the Sheffield School Board. Crown 8vo. , is. 6d. 

BUCKTON — HEALTH IN THE HOUSE; Twenty five 

Lectures on Elementary Physiology. By Mrs. C. M. Bucxton. With 41 
Woodcuts and Diagrams. Crown 8vo. , ar. 
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HEALTH AND HYGIEHE-Contirtuefi. 

CORFIELD.— THE LAWS OF HEALTH. By W. H. Cor- 

fikld, M.A., M.D. Fcp. 8vo., is. 6d. 

FRANKLAND.— MICROORGANISMS IN WATER, THEIR 

SIGNIFICANCE, IDENTIFICATION, AND REMOVAL. Together with 
an Account of the Bacteriological Methods Involved in their Investigation. 
Specially Designed for the Use of those connected with the Sanitary Aspects of 
Water Supply. By Professor Percy Frankland, Ph.D., RSc. (Lond.), 
F.R.S., Fellow of the Chemical Society ; and Mrs. Percy Frankland. With 
2 Plates and numerous Diagrams. 8vo., ifc. net. 

NOTTER and FIRTH.— HYGIENE. By J. L. Notter, M.A., 
M.D., and R. H. Firth, F.R.C.S. With 95 Illustrations. Crown 8vo., y. 6d, 

FOORE.— ESSAYS ON RURAL HYGIENE. By George 

Vivian Poore, M.D. Crown 8vo., 6*. 6d. 
WILSON.— K MANUAL OF HEALTH-SCIENCE: adapted 

for use in Schools and Colleges, and suited to the requirements of Students 
preparing for the Examinations in Hygiene of the Science and Art Department, 
etc. By Andrew Wilson, F.R.S.E., F.L.S,, etc. With 74 Illustrations. 
Crown 8vo., ar. 6d. 

NATURAL HISTORY, EVOLUTION, ETC. 
CLODD.— Works by EDWARD CLODD. 
THE STORY OF CREATION : A Plain Account of Evolution. 

With 77 Illustrations. Crown 8vo. , y. 6d. 

A PRIMER OF EVOLUTION : being a Popular Abridged 

Edition of ' The Story of Creation \ With Illustrations. Fcp. 8vo., is. 6d. 

FURNEAUX.— Works by WILLIAM S. FURNEAUX. 

THE OUTDOOR WORLD; or, The Young Collector's Hand- 
book. With 18 Plates, 16 of which are coloured, and 549 Illustrations in the 
Text Crown 8vo. f 7s. 6d. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Plates and 241 Illustrations in the Text 12*. 6d. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 311 Illustrations in the Text Crown 8vo., isu. 6d. 

HUDSON.— BRITISH BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
and 100 Figures in black and white from Original Drawings by C. E. LODGE, 
and 3 Illustrations from Photographs by R. B. Lodge. Crown 8vo. , iar. 6d. 

ROMANES.— Works by GEORGE JOHN ROMANES, LL.D., 
F.R.S. 
DARWIN, AND AFTER DARWIN: an Exposition of the 

Darwinian Theory, and a Discussion on Post-Darwinian Questions. 

Part I. THE DARWINIAN THEORY. With Portrait of Darwin and 125 

Illustrations. Crown 8vo. , ioj. 6d. 
Part II. POST-DARWINIAN QUESTIONS: Heredity and Utility. With 

Portrait of the Author and 5 Illustrations. Crown 8vo. , 101. 6d. 

AN EXAMINATION OF WEISMANNISM. Crown 8vo., 6s. 
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ASHBY and WRIGHT.— THE DISEASES OF CHILDREN, 
MEDICAL AND SURGICAL. By Henry Ashby, M.D., Lond., F.R.C.P., 
and G. A. Wright, B.A., M.B., Oxon., F.R.C.S., Eng. With 192 Illustra- 
tions. 8VO., 2«yT. 

BENNETT.— Works by WILLIAM H. BENNETT, F.R.C.S., 
Surgeon to St. George's Hospital. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo. f 6s. 

ON VARICOCELE ; A PRACTICAL TREATISE. With 4 

Tables and a Diagram. 8vo., $s. 

CLINICAL LECTURES ON ABDOMINAL HERNIA: 

chiefly in relation to Treatment, including the Radical Cure. With 12 Dia- 
grams in the Text. 8vo. , 8s. 6d. 

CLARKE.— POST-MORTEM EXAMINATIONS IN 

MEDICO-LEGAL AND ORDINARY CASES. With Special Chapters on 
the Legal Aspects of Post-Mortems, and on Certificates of Death. By J. 
Jackson Clarke, M.B. (Lond.), F.R.C.S. Fcp. 8vo. t as. 6d. 

COATS.— A MANUAL OF PATHOLOGY. By Joseph 

Coats, M.D., Professor of Pathology in the University of Glasgow. Third 
Edition. Revised throughout. With 507 Illustrations. 8vo., 31J. 6d. 

COOKE.— Works by THOMAS COOK, F.R.C.S. Eng., B.A., 
B.Sc, M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School in the years 1871-75. 
Tenth Thousand, being a selection of the Tablets believed to be most useful 
to Students generally. Post 4to., 105. 6d. 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including zoo Typical vivd voce Questions on Surface Marking, 
eta Crown 8vo., y. 6d. 

DISSECTION GUIDES. Aiming at Extending and Facilitating 

such Practical work in Anatomy as will be specially useful in connection with 
an ordinary Hospital Curriculum. 8vo., 10s. 6d. 

DICKINSON.— Works by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. Complete 

in Three Pms, 8vo., with 12 Plates and 122 Woodcuts. Price £3 4*. 6d. 

cloth. 
%* The Parts can also be had separately, each complete in itself, as follows :— 
Part I. Diabetes, 10s. 6d. sewed, 12s. cloth. 
Part II. Albuminuria, jQi sewed, j£x is. cloth. 
Part III. Miscellaneous Affections of the Kidneys and Urine, 

j£i los. sewed, £1 11s. 6d. cloth. 
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DICKINSON.- Works by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P.— continued. 

THE TONGUE AS AN INDICATION OF DISEASE; 

being the Lumleian Lectures delivered at the Royal College of Physicians in 
March, 1888. 8vo., 7s. 6d. 

THE HARVEIAN ORATION ON HARVEY IN ANCIENT 

AND MODERN MEDICINE. Crown 8vo., 2s. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855- 

1896. 8vO., I2J. 

ERICHSEN.—THE SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries, Diseases, and Operations. Tenth Edition. Re- 
vised by the late Marcus Beck, M.S., and M.B. (Lond.), F.R.C.S., and by 
Raymond Johnson, M.B. and B.S. (Lond.), F.R.C.S. Illustrated by nearly 
1000 Engravings on Wood. 2 vols. , royal 8vo. , /8s. . 

1 . 

GARROD.— Works by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., 21J. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Revised and Edited, under the supervision of the Author, by 
Nestor Tirard, M.D., Lond., F.R.O.P., Professor of Materia Medica and 
Therapeutics in King's College, London, etc. Crown 8vo., 12J. 6d. 

GRA Y.— ANATOMY, DESCRIPTIVE AND SURGICAL. By 

Henry Gray, F.R.S., late Lecturer on Anatomy at St George's Hospital. 
The Thirteenth Edition, re^edited by T. Pickering Pick, Surgeon to St. 
George's Hospital ; Member of the Court of Examiners, Royal College of 
Surgeons of England. With 636 large Woodcut Illustrations, a large propor- 
tion of which are coloured, the Arteries being coloured- red, the Veins blue, and 
the Nerves yellow. The attachments of the muscles to the bones, in the section 
on Osteology, are also shown in coloured outline. Royal 8vo., 36J. 

HALLIBURTON— Works by W. D. HALLIBURTON, M.D., 
F.R.S., M.R.C.P. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PATHOLOGY. With 104 Illustrations. 8vo., oAs. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. Second 

Edition. 8vo., 5*. 

LANG,— THE METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By William Lang, F.R.C.S., Eng., Surgeon to the Royal 
London -Ophthalmic Hospital, Moor fields, etc. With 15 Illustrations. 
Crown 8vo., y. 6d. 
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MEDICINE AND SUKQERY-Cbnttnued. 



LI VEING.— Works by ROBERT LIVEING, M.A. and M.D. 

i 



I Cantab., F.R.C.P., Lond., etc., Physician to the Department 



for Diseases of the Skin at the Middlesex Hospital, etc. 
HANDBOOK ON DISEASES OF THE SKIN. With especial 

reference to Diagnosis and Treatment. Fcap. 8vo., $s. 

ELEPHANTIASIS GR^CORUM, OR TRUE LEPROSY; 

I Being the Goulstonian Lectures for 1873. Cr. 8vo. f ,4^. 6d. 

I 

I LONGMORE.— Works by Surgeon -General Sir T. LONGMORE 

! (Retired), C.B., F.R.C.S. 

THE ILLUSTRATED OPTICAL MANUAL ; or, HAND- 
BOOK OF INSTRUCTIONS FOR THE GUIDANCE OF SURGEONS 
IN TESTING QUALITY AND RANGE OF VISION, and in Dis- 
tinguishing and Dealing with Optical Depects in General. 
Illustrated by 74 Drawings and Diagrams by Inspector-General Dr. 
Macdonald, R.N., F.R.S., C.B. 8vo., 14*. 

GUNSHOT INJURIES. Their History, Characteristic Features, 
Complications,- and General Treatment ; with Statistics concerning them 
as they have been met with in Warfare. With 78 Illustrations. 8vo., 
31J. 6d. 

LUFF.— TEXT-BOOK OF FORENSIC MEDICINE AND 
TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc. (Lond.), Physician 
in Charge of Out-Patients nnd Lecturer on Medical Jurisprudence and 
Toxicology in St. Mary's Hospital ; Examiner in Forensic Medicine in the 
University of London ; External* Examiner in Forensic Medicine in the 
Victoria University ; Official Analyst to the Home Office. With numerous 
Illrstrations. 2 vols., crown 8vo., 24J. 

NEWMAN. - ON THE DISEASES OF THE KIDNEY 

AMENABLE TO SURGICAL TREATMENT. Lectures to Practitioners. 
3y David Newman, M.D., Surgeon to the Western Infirmary Out-Door 
Department ; Pathologist and Lecturer on Pathology at the Glasgow Royal 
Infirmary ; Examiner in Pathology in the University of Glasgow ; Vice- 
President Glasgow Pathological and Clinical Society. 8vo., 16s. 

OWE N.—A MANUAL OF ANATOMY FOR SENIOR 
STUDENTS. By Edmund Owen, M.B., F.R.S.C., Senior Surgeon to the 
Hospital for Sick Children, Great Ormond Street, Surgeon to St. Mary's 
Hospital, London, and co-Lecturer on Surgery, late Lecturer on Anatomy in 
its Medical School. With 210 Illustrations. Crown 8vo., 12s. 6d. 

POOLE.— COOKERY FOR THE DIABETIC. By W. H and 

Mrs. Poole. .With Preface by Dr. Paw. Fcap. 8vo., 2J. 6d. 
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QUAIN. — A DICTIONARY OF MEDICINE; Including 

General Pathology, General Therapeutics, Hygiene, and the Diseases of 
Women and Children. By Various Writers. Edited by Richard Quain, 
Bart., M.D. Lond., LL.D. Edin. (Hon.) F.R.S., Physician Extraordinary to 
H.M. the Queen, President of the General Medical Council, Member of the 
Senate of the University of London, etc. Assisted by Frederick Thomas 
Roberts, M.D. Lond., B.Sc., Fellow of the Royal College of Physicians, 
Fellow of University College, Professor of Materia Medica and Therapeutics, 
University College, &c. ; and J. Mitchell Bruce, M.A. Abdn., M.D. Lond., 
Fellow of the Royal College of Physicians of London, Physician and Lecturer 
on the Principles and Practice of Medicine, Charing Cross Hospital, &c. New 
Edition, Revised throughout and Enlarged. In 2 Vols., medium 8vo., cloth, 
red edges, price 40*. net. 

QUA/M—QUAIX'S (JONES) ELEMENTS OF ANATOMY. 
The Tenth Edition. Edited by Edward Albert Schafer, F.R.S. , Professor 
of Physiology and Histology in University College, London ; and GEORGE 
Dancer Thane, Professor of Anatomy in University College, London. In 3 
Vols. 

%* The several parts of this work form complete Text-books of their re- 
spective subjects. They can be obtained separately as follows : — 



Vol. I, Part I. EMBRYOLOGY. 
By E. A. Schafer, F.R.S. With 
200 Illustrations. Royal 8vo., $s. 

Vol. I., Part II. GENERAL ANA- 
TOMY OR HISTOLOGY. ByE. 
A. SchXfer, F.R.S. With 291 
Illustrations. Royal 8vo., 12s. 6d. 

Vol. II., Part I. OSTEOLOGY. By 
G. D. Thane. With 168 Illustra- 
tions. Royal 8vo., 9J. 

Vol. II., Part II. ARTHROLOGY 
—MYOLOGY — ANGEIOLOGY. 
By G. D. Thane. With 255 Illustra- 
tions. Royal *8vo., i8j. 

Vol. III., Part I. THE SPINAL 
CORD AND BRAIN. By E. A. 
Schafer, F.R.S. With 139 Illus- 
trations. Royal 8vo., 12s. 6d. 



Vol. III. Part II. THE NERVES. 
By G. D. THANE. With 102 
Illustrations. Royal 8vo., oj. 

Vol. III., Part III. THE ORGANS 
OF THE SENSES. By E. A. 
SchXfer, F.R.S. With 178 Illus- 
trations. Royal 8vo., oj. 

Vol. III., Part IV. SPLANCH- 
NOLOGY. ByE. A. Schafer. 
F.R.S.,and Johnson Symington. 
M.D. With 337 Illustrations. Royal 
8vo., i6j. 

Appendix. SUPERFICIAL AND 
SURGICAL ANATOMY. By 
Professor G. D. Thane and Pro- 
fessor R. J. Godlee, M.S. With 
29 Illustrations. Royal 8vo., 6s. 6d. 



SCHAFER.— THE ESSENTIALS OF HISTOLOGY. Descrip- 
tive and Practical. For the Use of Students. By E. A. SchXfer, F.R.S., 
Jodrell Professor of Physiology in University College, London ; Editor of the 
Histological Portion of Quain's ' Anatomy '. Illustrated by more than 300 
Figures, many of which are new. 8vo., 7s. 6d. (Interleaved, iar.) 

SCHENK.— MANUAL OF BACTERIOLOGY. For Practi- 
tioners and Students. With especial reference to Practical Methods. By Dr. 
S. L. Schenk, Professor (Extraordinary) in the University of Vienna. Trans- 
lated from the German, with an Appendix, by W. R. Dawson, B.A., M.D., 
Univ. Dub. ; late University Travelling Prizeman' in Medicine.' With 100 
Illustrations, some of which are coloured. 8vo., ioj. net* 
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MEDICINE AND SURGERY- Continued. 

SMALE and COLYER. DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment : a Manual of Practical 
Dentistry for Students and Practitioners. By MORTON SMALE. M.R.C.S., 
L.S.A., L.D.S., Dental Surgeon to St Mary's Hospital, Dean of the School, 
Dental Hospital of London, etc. ; and J. F. COLYER, L.R.C.P., M.R.C.S., 
L.D.S., Assistant Dental Surgeon to Charing Cross Hospital, and Assistant 
Dental Surgeon to the Dental Hospital of London. With 334 Illustrations. 
Large Crown 8vo. , 15s. 

SMITH (H. E). THE HANDBOOK FOR MIDWIVES By 

HENRY FLY SMITH, B.A., M.B. Oxon., M.R.C.S. With 41 Woodcuts. 
Crown 8vo. , price 51. 

STEEL.— Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D. 

A TREATISE ON THE DISEASES OF THE DOG; being 

a Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. 88 Illustrations. 8vo. , ioj 6d. 

A TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students, a Plates and 117 Woodcuts. 8vo. , 15;. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts. 8vo. , 12s. 

OUTLINES OF EQUINE ANATOMY; a Manual for the use 

of Veterinary Students in the Dissecting Room. Crown 8vo., 7s. 6d. 

1 stonehenge:— the dog in health and DIS- 
EASE. By * Stonehenge \ With 84 Wood Engravings. Square Crown 
8vo. , js. 6d. 

WALLER.— AX INTRODUCTION TO HUMAN PHYSIO- 
LOGY. By Augustus D. WALLER, M.D., Lecturer on Physiology at Su 
Mary's Hospital Medical School, London; late External Examiner at the 
Victorian University. Second Edition, Revised. With 305 Illustrations. 8vo., 
i8j. 

WEICHSELBAUM.— THE ELEMENTS OF PATHOLOGI- 
CAL HISTOLOGY. With Special Reference to Practical Methods. By Dr. 
Anton Weichselbaum, Professor of Pathology in the University of Vienna. 
Translated by W. R. Dawson, M.D. (Dub.), Demonstrator of Pathology in 
the Royal College of Surgeons, Ireland, late Medical Travelling Prizeman of 
Dublin University, &c. With 221 Figures, partly in Colours, a Cromo-litho- 
graphic Plate, and 7 Photographic Plates. Royal 8vo. , 21 j. net. 



24 Scientific Works published by Longmans, Green, 6* Co. 



MEDICINE AND SURGERY- Continued. 

WILKS and MOXON.— LECTURES ON PATHOLOGICAL 

ANATOMY. By Samuel Wilks, M.D., F.R.S., Consulting Physician to, 
and formerly Lecturer on Medicine and Pathology at Guy's Hospital, and the 
late Walter Moxon, M.D., F.R.C.P., Physician to, and some time Lecturer 
on Pathology at Guy's Hospital. Third Edition, thoroughly Revised. By 
Samuel Wilks, M.D., LL.D., F.R.S. 8vo., i8j. 

YOU ATT.— Works by WILLIAM YOUATT. 
THE HORSE. Revised and Enlarged by W. Watson, 

M.R.C.V.S. With 52 Woodcuts. 8vo., 7s. 6d. 

THE DOG. Revised and Enlarged. With 33 Woodcuts. 

8vo., 6s. 



PHYSIOLOGY, BIOLOGY, ETC. 

ASHBY.— NOTES ON PHYSIOLOGY, for the Use of Students 
Preparing for Examination. By Henry Ashby, M.D. With 141 Illustrations. 
Fcp. 8vo., 5*. 

BARJVETT.— THE MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology, for School and Home Use. By Mrs. S. A. 
Barnett. With 113 Illustrations. Crown 8vo., is. gd. 

BIDGOOD.—k COURSE OF PRACTICAL ELEMENTARY 
BIOLOGY. By John Bidgood, B.Sc, P.L.S. With 226 Illustrations. 
Crown 8vo. , 4s. 6d. 

BRA K— PHYSIOLOGY AND THE LAWS OF HEALTH, in 

Easy Lessons for Schools. By Mrs. Charles Bray. Fcp. 8vo., is. 

FRAJVXLAJVD.— MICRO-ORGANISMS IN WATER. To- 

? ether with an Account of the Bacteriological Methods involved in their 
nvestigation. Specially designed for the use of those connected with the 
' Sanitary Aspects of Water-Supply. By Percy Frankland, Ph.D., B.Sc. 
(Lond. ), F. R.S. , and Mrs. Percy Frankland. With 2 Plates and Numerous 
Diagrams. 8vo.,'xdr. net. 

FURNEAUX.—nVMAN PHYSIOLOGY. By W. Furneaux, 

F.R.G.S. With 218 Illustrations. Crown 8vo:, ar. 6d. 

HUDSON and GOSSE.— THE ROTIFERA, or « WHEEL- 
ANIMALCULES'. By C. T. Hudson, LL.D., and P. H. Gosse, F.R.S. 
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to., ioj. 6rf. each ; 
Supplement 12J. 6d. Complete in 2 vols., with Supplement, 4to., ^4 4*. 
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PHYSIOLOGY. BIOLOGY, ETC. -Continued. 

MACALISTE R.— Works by ALEXANDER MACALISTER, 

M.D. 

ZOOLOGY AND MORPHOLOGY OF VERTEBRATA. 

8vo. , iar. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams. Fcp. 8vo. , is. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 

Diagrams. Fcp. 8vo., is. 6d. 

MORGAN— ANIMAL BIOLOGY : an Elementary Text-Book. 
By C. Lloyd Morgan. With numerous Illustrations. Crown 8vo. , Ss. 6d. 



SCHENK.— MANUAL OF BACTERIOLOGY, for Practitioners 

and Students, with Especial Reference to Practical Methods. By Dr. S. L. 
Schenk. With 100 Illustrations, some of which are Coloured. 8vo., ioj. net. 



THORNTON.— HUMAN PHYSIOLOGY. By John Thornton, 

M.A. With 267 Illustrations, some Coloured. Crown 8vo., 6s. 



BOTANY. 
A1TKEN — ELEMENTARY TEXT-BOOK OF BOTANY. 

For the use of Schools. By Edith Aitken, late Scholar of Girton College. 
With over 400 Diagrams. . Crown 8vo., 4s. 6d. 

BENNETT and MURRA Y.— HANDBOOK OF CRYPTO- 
GAMIC BOTANY. By Alfred W. Bennett, M.A., B.Sc, F.L.S., Lecturer 
on Botany at St. Thomas's Hospital ; and George Murray, F.L.S., Keeper 
of Botany, British Museum. With 378 Illustrations. 8vo. , 16s. 

CROSS and BE VAN— CELLULOSE: an Outline of the 

Chemistry of the Structural Elements of Plants. With Reference to their 
Natural History and Industrial Uses. By Cross and Bevan (C. F. Cross, E. 
J. Bevan, and C. Beadle). With 14 Plates. Crown 8vo. f ia*. net. 

EDMONDS.— Works by HENRY EDMONDS, B.Sc, London. 
ELEMENTARY BOTANY, Theoretical and Practical. With 

319 Diagrams and Woodcuts. Crown 8vo., 2s. 6d. 

BOTANY FOR BEGINNERS. With 85 Illustrations. Fcp. 

8vo., is. 6d. 

KITCHENER.— A YEAR'S BOTANY. Adapted to Home 
and School Use. With Illustrations by the Author. By Frances Anna 
Kitchener. Crown 8vo., $s. 
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BOTPM\— Continued. 

LINDLEY and MOORE.— THE TREASURY OF BOTANY; 

or, Popular Dictionary of the Vegetable Kingdom : with which is incorporated 
a Glossary of Botanical Terms. Edited by J. Lindley, M.D., F.R.S., and T. 
Moore, F.L.S. With 20 Steel Plates and numerous Woodcuts. Two parts, 

fcp. 8VO., I2J. x 

McNAB.— CLASS-BOOK OF BOTANY. By W. R. McNab. 
MORPHOLOGY AND PHYSIOLOGY. With 42 Diagrams. 

Fcp. 8vo., is. 6d. 

CLASSIFICATION OF PLANTS. With 118 Diagrams. 

Fcp. 8vo., is. 6d. 

THOME and BENNETT.— STRUCTURAL AND PHYSIO- 
LOGICAL BOTANY. By Dr. Otto Wilhelm Thome* and by Alfred W. 
Bennett, M.A., B.Sc, F.L.S. With Coloured Map and 600 Woodcuts. 
Fcp. 8vo., 6>. 

WATTS.— A SCHOOL FLORA. For the use of Elementary 
Botanical Classes. By W. Marshall Watts, D.Sc. Lond. Crown 8vo.» 
2s. 6d. 



AGRICULTURE AND GARDENING. 

ADD YMAN— AGRICULTURAL ANALYSIS. A Manual of 

Quantitative Analysis for Students of Agriculture. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Lecturer on Agricultural Chemistry, University College, 
Nottingham, etc. With 49 Illustrations. Crown 8vo. , $s. net. 

COLEMAN and ADDYMAN — PRACTICAL AGRICUL- 
TURAL CHEMISTRY. For Elementary Students, adapted for use in 
Agricultural Classes and Colleges. By J. Bernard Coleman, A.R.C.Sc.» 
F.I.C., and Frank T. Addyman, B.Sc. (Lond.), F.I.C. With 24 Illustrations. 
Crown 8vo. , is 6d. net. 

LOUDON— ENCYCLOPEDIA OF AGRICULTURE; the 

Laying-out, Improvement, and Management of Landed Property ; the Culti- 
vation and Economy of the Productions of Agriculture. By J. C. Loudon, 
F.L.S. With 1 100 Woodcuts. 8vo., 2U. 

SORA UER.—A POPULAR TREATISE ON THE PHYSIO- 
LOGY OF PLANTS. For the use of Gardeners, or for Students of Horticul- 
ture and of Agriculture. By Dr. Paul Sorauer. Translated by F. E. 
Weiss, B.Sc, F.L.S. With 33 Illustrations. 8vo., oj. net. 

WEBB.— Works by HENRY J. WEBB, Ph.D., B.Sc. (Lond.) ; 

late Principal of the Agricultural College, Aspatria. 

ELEMENTARY AGRICULTURE. A Text-Book specially 

adapted to the requirements of the Science and Art Department, the Junior 
Examination of the Royal Agricultural Society, and other Elementary Exami- 
nations. With 34 Illustrations. Crown 8vo., as. 6d. 

AGRICULTURE. A Manual for Advanced Science Students. 

With 100 Illustrations. Crown 8vo., js. 6d. net. 
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WORKS BY JOHN TYNDALL, D.C.L., LL.D., F.R.S. 

FRAGMENTS OF SCIENCE: a Series of Detached Essays, 
Addresses, and Reviews. 2 vols. Crown 8vo. , i&r. 

Vol. I.— The Constitution of Nature— Radiation— On Radiant Heat in Relation to the 
Colour and Chemical Constitution of Bodies — New Chemical Reactions produced by 
Light — On Dust and Disease— Voyage to Algeria to observe the Eclipse— Niagara— 
The Parallel Roads of Glen Roy— Alpine Sculpture — Recent Experiments on Fog- 
Signals— On the Study of Physics— On Crystalline and Slaty Cleavage— On Para- 
magnetic and Diamagnetic Forces— Physical Basis of Solar Chemistry— Elementary 
Magnetism — On Force — Contributions to Molecular Physics— Life and Letters of 
Faraday— The Copley Medallist of 187c— The Copley Medallist of 1871— Death by 
Lightning— Science and the Spirits. 

Vol. II.— Reflections on Prayer and Natural Law— Miracles and Special Providences— On 
Prayer as a Form of Physical Energy— Vitality— Matter and Force— Scientific Ma- 
terialism—An Address to Students— Scientific Use of the Imagination— The Belfast 
Address— Apology for the Belfast Address— The Rev. James Martin eau and the 
Belfast Address — Fermentation, and its Bearings on Surgery and Medicine — Spon- 
taneous Generation — Science and Man — Professor Virchow and Evolution— The 
Electric Light. 

NEW FRAGMENTS. Crown 8vo., 10s. 6d. 

Contents.— The Sabbath— Goethe's ' Farbenlehre ' — Atoms, Molecules, and Ether Waves 
— Count Rumford— Louis Pasteur, his Life and Labours— The Rainbow and its Congeners- 
Address delivered at the Birkbeck Institution on October 22, 1884— Thomas Young— Life in the 
Alps— About Common Water— Personal Recollections of Thomas Carlyle — On unveiling the 
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the University of Cambridge. With 
130 Woodcuts. Price 6s. 6d. 



SYSTEMATIC MINERALOGY. By 
Hilary Bauerman, F.G.S., Asso- 
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Engineer. Including Elementary 
Astronomy, Route Surveying, Tacheo- 
metry, Curveranging, Graphic Men- 
suration, Estimates, Hydrography, 
and Instruments. With 130 Illus- 
trations, Quantity Diagrams, and a 
Manual of the Slide-Rule. Price 6s. 



ALGEBRA AND TRIGONOMETRY. 
By William Nathaniel Griffin, 
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BUILDING CONSTRUCTION. By 
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THEORETICAL MECHANICS. 
Solids, including Kinematics, Statics, 
and Kinetics. By A. Thornton, 
M.A., F.R.A.S., With 220 Illustra- 
tions, 130 Worked Examples, and 
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HEAT. By Mark R. Wright, Hon. 
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RETICAL AND PRACTICAL. 
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Classes of the Science and art Depart- 
ment. By William J ago, F.C.S., 
F.I.C. With Plate of Spectra and 78 
Woodcuts. Crown 8vo. , 4s. 6d. 

GEOLOGY : a Manual for Students in 
Advanced Classes and for General 
Readers. By Charles Bird, B.A. 
(Lond. ), F. G. S. With over 300 Illus- 
trations, a Geological Map of the 
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Questions for Examination. Crown 
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HUMAN PHYSIOLOGY : a Manual for 
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Science and Art Department. By 
John Thornton, M.A. With 268 
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Examination. Crown 8vo. , 6s. 

PHYSIOGRAPHY. By John Thorn- 
ton, M.A. With 6 Maps, 180 Illus- 
trations, and Coloured Plate of 
Spectra. Crown 8vo., 4s. 6d. 

AGRICULTURE. By Dr. Henry J. 
Webb, Ph.D., B.Sc. With 100 
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-GEOMETRICAL DRAWING FOR 
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I. H. Morris. Crown 8vo., is. 6d. 



TEXT - BOOK ON PRACTICAL, 
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METRY. By David Allan Low 
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AN INTRODUCTION TO MACHINE 
DRAWING AND DESIGN. By 
David Allan Low (Whitworth 
Scholar). With 97 Illustrations and 
Diagrams. Crown 8vo. , 2s. 
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BUILDING CONSTRUCTION. By 
Edward J. Burrell, Second Master 
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tions and Working Drawings. Crown 
8vo. f 2s. 6d. 

AN ELEMENTARY COURSE OF 
MATHEMATICS. ContainingArith- 
metic ; Euclid (Book I. , with Deduc- 
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THEORETICAL MECHANICS. In- 
cluding Hydrostatics and Pneumatics. 
By T. E. Taylor, M.A., B.Sc. With 
numerous Examples and Answers, and 
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THEORETICAL MECHANICS— SO- 
LIDS. By J. E. Taylor, M.A., 
B.Sc. With 163 Illustrations, 120 
Worked Examples, and over 500 Ex- 
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etc. Crown 8vo. , 2s. 6d. 

THEORETICAL MECHANICS- 

FLUIDS. By J. t. Taylor, M.A., 
B.Sc. With 122 Illustrations, 
numerous Worked Examples, and 
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A MANUAL OF MECHANICS: an 
Elementary Text-Book for Students 
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Mark R. Wright. Hon. Inter. 
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Examination Papers, and 165 Illustra- 
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Mark R.Wright, Hon. Inter. B.Sc., 
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ELEMENTARY PRACTICAL CHE- 
MISTRY : a Laboratory Manual for 
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By G. S. Newth, F.I.C., F.C.S. 
Demonstrator in the Royal College of 
Science, London ; Assistant Examiner 
' in Chemistry, Science and Art De- 
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and 254 Experiments. Crown 8vo. 
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ELEMENTARY PRACTICAL PHY- 
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in Organised Science Schools. By W. 
Watson, B.Sc. Demonstrator in 
Physics in the Royal College of 
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MAGNETISM AND ELECTRICITY. 
By A. W. Poyser, M.A. With Exa- 
mination Papers and 235 Illustra- 
tions. Crown 8vo., as. 6d. 
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ELEMENTARY ELECTRICITY 
AND MAGNETISM. Embracing 
a Complete Set of Answers to the 
South Kensington Papers for the 
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Original Questions. By W. Slingo 
and A. Brooker. With 67 Illustra- 
tions. Crown 8vo. , 2*. 

INORGANIC CHEMISTRY, THEO- 
RETICAL AND PRACTICAL. 
With an Introduction to the Principles 
of Chemical Analysis. By William 
Jago, F.C.S. , F.I.C. With 63 Wood- 
cuts and numerous Questions and 
Exercises. Fcp. 8vo., as. 6d. 

AN INTRODUCTION TO PRACTI- 
CAL INORGANIC CHEMISTRY. 
By WiCliam Jago, F.C.S., F.I.C. 
With Illustrations. Crown 8vo., u. 
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PRACTICAL CHEMISTRY : the 
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ganic and Organic. By William S. 
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ORGANIC CHEMISTRY: the Fatty 
Compounds. By R. Lloyd White- 
ley, F.I.C, F.C.S. With 45 Illus- 
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ELEMENTARY GEOLOGY. By 
Charles Bird, B.A., F.G.S. With 
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